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Summary 
 

An International collaborative study was conducted to establish the 1
st
 WHO International 

Standard for use in the standardisation of Polyoma virus JC nucleic acid amplification 

technology assays (NAT). One candidate of freeze-dried whole virus preparation JCV 1A strain, 

formulated in a universal buffer comprising of 10mM Tris-HCl pH 7.4, 2% FBS, 2% D-(+)-

Trehalose dehydrate, 1mM EDTA was analysed by 23 laboratories across 14 countries using 

their routine NAT-based assays for JCV detection. The freeze-dried candidate was tested 

alongside the liquid equivalent of the candidate material, as well as patient samples and spiked 

clinical samples. 

The results from the accelerated thermal degradation stability studies performed at 4 and 8 

months have demonstrated that the potency of the candidate material is stable at temperatures 

used for storage (-20°C) and laboratory manipulation (4°C to 20°C), as well as 37°C to 45°C 

reflecting ambient temperatures encountered for global shipment. The performed stability 

analysis was unable to show any predicted loss of potency indicating that the candidate is stable 

for long term use. 

Based upon the conclusion from the dataset received, it is proposed that the candidate sample 

(14/114; 4103 vials) be established as the “1st WHO International Standard for JCV DNA for 

nucleic acid amplification technique (NAT)-based assays”  with an assigned potency of 7.0 log10 

IU/ mL per ampoule.   

 

 

 

 

 

 

 

 

  



 WHO/BS/2015.2259 

Page 3 

 

Introduction 

JC Virus is a member of the polyoma virus family which is typically acquired in childhood 

resulting in a seroprevalance ranging between 50-90% worldwide by adulthood [1, 2]. JCV is 

classified into 4 genotypes; Type 1 is the most prevalent genotype across European populations. 

Type 2 and 3 are prevalent amongst Asian and African populations respectively, whilst Type 4 is 

described to combine Type 1 and 3 [3]. Following primary infection the virus establishes latency 

in the kidney epithelial cells, urinary tract and lymphoid organs [4]. For the vast majority of the 

population JCV remains asymptomatic, with around ~20% of the population exhibiting viruria. 

Nevertheless this is clinically inconsequential [5]. Under conditions of immunodeficiency and 

immune suppression JCV can establish lytic infection in oligodendrocytes leading to 

demyelination and resulting in Progressive Multifocal Leukoencephalopathy (PML). PML 

presents with progressive neurological deficits, including motor and sensory defects, with a 

mortality rate of 30-50% within the first few months of diagnosis [2]. Although initially 

considered to be very rare, PML cases became more widespread in the1980’s amongst 

individuals with HIV-1, with incidence ranging from between 3-5%. However since the advent 

of highly active antiretroviral therapy (HAART), cases dropped considerably [6, 7]. 

Although the incidence of PML is still highest in HIV-1 infected individuals (~85% of PML 

cases), the clinical burden of PML associated JCV reactivation has more recently seen an 

increase in non-HIV infected patients. This group was identified in relapsing remitting multiple 

sclerosis patients undergoing monoclonal antibody treatment with Natalizumab, an 

immunomodulatory therapy. Patients who have had successive rounds of immunosuppressive 

therapy, are thought to be at high risk of developing PML, with an estimated risk of ~11 cases 

per 1000 patients [8]. Cases have also been reported amongst other autoimmune patient groups 

being treated with a range of other monoclonal antibody therapies [9, 10].  

The diagnosis of PML within at risk patients is achieved by the monitoring of patient 

neurological symptoms, brain MRI examination for characteristic white matter lesions and the  

detection of the JC viral DNA in cerebrospinal fluid (CSF) by qPCR which provides 

confirmatory diagnosis of PML [2, 11]. Quantitative PCR analysis described by Ryschkewitsch 

et al [8] has also identified the ability to discriminate sequence rearrangements in the JCV non-

coding control region (NCCR) allowing the identification of gene arrangements that distinguish 

non-virulent from virulent JCV variants. These variants have been correlated with a poor 

prognosis in PML patients [12, 8]. Whilst a handful of commercial assays do exist for JCV NAT 

detection, many clinical diagnostic laboratories rely on in-house developed assays.  

An international group convened in 2006 and 2008 to discuss the requirement for international 

standardization of JCV NAT assays.  This included participants from academia, pharmaceutical 

industry, an EQA provider and governmental institutions. Findings from proficiency panels in 

2007 and 2008 for JCV highlighted large variability in quantitative data and indicated that 

working standards were either unsuitable or being used incorrectly. This underscored the need 

for a single international standard that could be used to calibrate the different working standards 

used by individual laboratories (Manuscript in preparation Paola Cinque, Proceedings of the 

Second meeting on JCV PCR standardisation: Towards the establishment of International 

standards). The merits of four source materials were considered for use as candidate material for 

the proposed IS preparation. JC virions purified from cell culture, JCV episomes from JCV 

infected cell cultures, JCV episomes from urine, or full-length genomic JCV DNA incorporated 

in a plasmid. A final consensus was reached to use purified virons from JCV infected cell 

cultures for the preparation of the candidate international standard.    

As with the majority of biological preparations these viral preparations cannot be fully 

characterized by physico-chemical reference methods, therefore biological assays will be used. 
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These methods are heterogeneous and the absence of a reference method does not permit the 

results to be expressed in absolute values according to the SI system. Therefore the proposed 

standard will be assigned an International Unit (IU) derived as the result of a comprehensive 

multicentre collaborative study incorporating a range of different NAT assays. 

 

Aims of the study 

The purpose of this study is to establish the 1st WHO International Standard for JCV DNA for 

nucleic acid amplification technique (NAT)-based assays primarily for use in clinical 

diagnostics. The collaborative study was designed to generate sufficient data to enable a potency 

estimation to be assigned to the proposed candidate which is reflected by the range of NAT 

assays that are currently in use. The collated data will also be used to determine the suitability of 

the candidate material for use as a primary reference material for the purpose of calibration of 

secondary reference materials. Furthermore the evaluation conducted will provide a preliminary 

assessment of the commutability of the candidate formulation for use as a reference standard for 

a range of matrices following reconstitution in nuclease-free water.  

 

Bulk Material and Processing 

Candidate Standard 

The JCV material proposed for IS production was sourced from Dr JL Murk MD, Medical 

Microbiology Department of Virology, University Medical Centre Utrecht, The Netherlands. 

The proposed JCV standard formulation constitutes a cell-free live virus preparation from 

productively infected cell culture. The candidate standard was formulated in universal buffer 

comprising 10mM Tris-HCl pH 7.4, 2% FBS, 2% D-(+)-Trehalose dehydrate, 1mM EDTA, 

permitting dilution into a sample matrix pertinent to the end user. The preparation was 

subsequently freeze-dried to ensure long term stability of the final product.   

 

The viral stock was previously genotyped by Dr Alexis Dumoulin and Dr Hans Hirsch (personal 

communication by donating laboratory) and classified as genotype 1 subtype A. In addition the 

whole viral genome was sequenced at NIBSC using Sanger sequencing to confirm the integrity 

of the genome post propagation in a Cynomolgus macaque kidney cell line. Primer pairs were 

designed to amplify ~500-600bp templates of the viral genome. PCR was performed on viral 

DNA extracted using the QIAamp Viral RNA mini kit (QIAGEN, Germany) from the donated 

cell culture supernatant. This extraction kit is recommended for the extraction of all viral nucleic 

acids. PCR was performed on the Veriti 96 well thermal cycler (Applied Biosystems) using 

Platinum® Taq DNA Polymerase (Life Technologies).   

Sequencing reactions were performed on purified PCR templates and the products were analysed 

on the 3130 XL Genetic Analyzer (Applied Biosystems). The sequence was verified to be 

JCV1A subtype, by base pair comparison within the VP1 gene region which showed a 98-100% 

sequence identity with the JCV1A sequence (NCBI GenBank Accession J02226.1).  

 

 

Culture of bulk material 
 

A total volume of 100ml (2 x50ml) of viral supernatant was provided by the donating lab, 

shipped on dry-ice, and stored at -80⁰C until required. Briefly the propagation of JC virus was 
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achieved as summarised by the donating laboratory. Using the third passage of Cynomolgus 

macaque (Macaca fascicularis) kidney cell line, cells were cultured at 39⁰C without CO2 in 

culture medium MEM-Eagle with Hanks salts, 0,084% Na-bicarbonate, 200 mM L-Glutamine 

and 3% FBS (foetal bovine serum). Cell culture supernatant was harvested when maximal 

cytopathic effect was visible (generally after 4 – 6 weeks) and cleared from cellular debris by 

centrifugation for 5 minutes at 380 g (1316 rpm). Subsequently FBS was added to the JCV viral 

stock to obtain a final concentration of 10% FBS which was then stored at -80⁰C.  

Pre-fill testing  

The concentration of the JC viral stock was determined at NIBSC using a CE marked IVD (in-

vitro diagnostic kit, JCV ELITE MGB kit (ELITech, Torino, Italy). Briefly, nucleic acid 

extractions were performed using 140 µL of JCV sample using the QIAamp Viral RNA mini Kit 

(QIAGEN, Germany). Extractions were performed using the QIAcube, an automated extraction 

platform (QIAGEN, Germany). Extractions were performed with the inclusion of an internal 

control which was included as positive control for DNA extraction from non-cellular biological 

samples (ELITech, Torino, Italy). 10µl of the 60µl purified nucleic acid sample was amplified by 

qPCR using the probe-based quantification assay JCV ELITE MGB kit (ELITech, Torino, Italy) 

on the ABI 7900HT Real-time PCR instrument (Applied Biosystems, California USA). Absolute 

viral quantification was achieved with the inclusion of 4 plasmid based quantification standards 

in the amplification reaction, yielding a standard curve with a dynamic range of 10e5-10e2 

quantifiable gEq/mL (ELITech, Torino, Italy). The donated viral stock was determined to 

contain an estimated copy number of 1.09E+09 gEq/mL (Range 9.04E+08 - 1.18E+09gEq/mL). 

One genome equivalent (gEq/ml) is equal to 1 copy/mL according to ELItech instructions .  

 

Preparation of bulk material and evaluation of materials  

The universal buffer 10mM Tris-HCl pH 7.4, 2% D-(+)-Trehalose dehydrate, 1mM EDTA 

(omitting the addition of foetal bovine serum FBS) was prepared at NIBSC. Frozen aliquots of 

the viral supernatant and FBS (Biosera Cat # S1700) were thawed using a 30⁰C water bath prior 

to dilution into universal buffer. The starting material was estimated to contain 1.09E+09 gEq/ml 

of JCV virus. A 100 fold dilution was made in order that the bulk preparation should contain 

approximately 1 x 10e7 gEq/ml in a final volume of 4.5L of universal buffer. 150mL of the 

liquid bulk was divided into aliquots of 0.25ml, 0.55ml, 0.75ml and 1.1ml in 2ml screw cap 

Sarstedt tubes and stored at -80⁰C for viral copy determination as well as for inclusion in the 

collaborative study panel to be tested alongside the equivalent lyophilised preparation. The 

remaining bulk volume was processed for lyophilisation, and the resulting product was 

designated NIBSC code 14/114.  
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Filling and lyophilisation of candidate standard Lyophilisation 

The filling and lyophilisation of the bulk material was performed at the Standards Processing 

Division, NIBSC, UK. A production summary is detailed in Table 1. The filling was performed 

in a Metall and Plastic GmbH (Radolfzell, Germany) negative pressure isolator that contains the 

entire filling line and is interfaced with the freeze dryer (CS150 12m2, Serail, Argenteuil, 

France) through a ‘pizza door’ arrangement to maintain integrity of the operation. The bulk 

material was kept at 18 °C throughout the filling process, and stirred constantly using a magnetic 

stirrer. The bulk was dispensed into 5 mL screw cap glass vials in 1 ml aliquots, using a Bausch 

& Strobel (Ilfshofen, Germany) filling machine FVF5060. The homogeneity of the fill was 

determined by on-line check-weighing of the wet weight, and vials outside the defined 

specification were discarded. Filled vials were partially stoppered with halobutyl 14mm diameter 

cruciform closures and lyophilized in a CS150 freeze dryer. Vials were loaded onto the shelves 

at 4 °C and held at this temperature for 2 hours. A vacuum was applied to 270 µb over 1 hour, 

followed by ramping to 100 µb over 1 hour. The temperature was then raised to -15°C, and the 

vacuum maintained at this temperature for 31 hrs. For the secondary drying the vacuum was 

increased to 30 µb and the shelves were ramped to 25°C for 10 hours before releasing the 

vacuum and back-filling the vials with nitrogen, produced by evaporation of liquid nitrogen with 

an analysis of 99.999% purity. The vials were then stoppered in the dryer, removed and capped 

in the isolator, and the isolator decontaminated with formaldehyde before removal of the 

product. The sealed vials are stored at -20 °C at NIBSC under continuous temperature 

monitoring for the lifetime of the product.  

Post-fill testing 

Validation of study samples  

The freeze-dried candidate (14/114) was tested to determine the homogeneity of the viral 

contents of the lyophilised material post-production. Briefly lyophilised samples were 

reconstituted in 1 mL of nuclease-free water (QIAGEN, Germany), mixed gently on a vortex and 

left for 20 minutes.  140 µL of reconstituted sample was used for extraction and the extracted 

DNA used for amplification as described for Pre-fill testing.  

The assessments of residual moisture and oxygen content are critical parameters when 

considering the stability and shelf life of lyophilised products. Non-invasive moisture and 

oxygen determinations were made as follows.  Vials of excipient only formulations for the JCV 

proposed standard were prepared to be used to compare between destructive and non-invasive 

moisture analysis by near Infra-Red reflectance (NIR, Process Sensors MT 600P, Corby, UK).  

Results obtained from the non-infectious samples by NIR would then be correlated to 

coulometric Karl Fischer titration (KF, Mitsubishi CA-100, A1 Envirosciences, Cramlington, 

UK) to give % w/w moisture readings. Moisture determinations were compared to values from a 

standard curve, which was made using 10 vial replicates of non-infectious excipient only 

samples. These samples had been subjected to varying exposure times (0, 5, 10, 15, 30, 45, 60 

and 90 minutes) to atmospheric air, by removing screw caps and raising the stopper to the filling 

position for the designated period of time. After this the stoppers were fully re-inserted and the 

caps re-sealed. Subsequently, several vials of each time point were tested by coulometric Karl 

Fischer titration and the standard curve generated. Then 12 vials of the definitive batch 

containing lyophilised JCV in excipient formulation were tested by NIR and their moistures 

assigned based on the calibration curve generated from the data from the non-infectious 

excipient vials.  
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Oxygen headspace content is an indicator of the success of the nitrogen back-filling process in 

the dryer and subsequent integrity of the seal on the vials. Oxygen headspace was measured 

using non-invasive headspace gas analysis (FMS-760 Lighthouse, Charlottesville, VA). This 

correlates the NIR absorbance at 760nm (for oxygen) based on a NIR laser source and is 

calibrated against equivalent vials, sealed with traceable oxygen gas standards. Calibration of the 

unit was achieved using 5ml screw capped vials containing oxygen standards 0% and 20%.  

Stability assessment of candidate product 

To predict the stability of the freeze-dried material, vials of the proposed JCV IS candidate 

14/114 are subject to accelerated degradation studies. This entails the storage of multiple vials 

post production at -70⁰C, -20⁰C, +4⁰C, +20⁰C, +37⁰C and +45⁰C for up to 10 years. Periodically 

3 vials are removed from each temperature and tested for viral potency using the real-time PCR 

method described above. These data provide an indication of stability at the storage temperature 

of -20⁰C. For the first year 4 month interval viral potency tests are performed on the thermal 

accelerated degradation samples. Thereafter annual tests will be performed.  

Collaborative Study samples 

A total of 6 study samples which were coded A-F (Table 2) were prepared for evaluation in the 

multicentre collaborative study. Participating laboratories were sent a questionnaire (Appendix 

II) prior to sample dispatch, to ascertain the types of clinical samples routinely assayed in their 

laboratory and to determine the quantity of sample required for their extraction methodology. 

Sample sets were thereby customised for each participant based on the responses received. All 

participants received the candidate JCV material in both the lyophilised and liquid state (Samples 

E and F).  

Patient samples were kindly donated by Leeds General Infirmary, Manchester, UK. Two 20ml 

aliquots of bone marrow transplant urine samples (Sample A and B) were received at 4⁰C. The 

viral copy number as estimated by the donating laboratory is shown in Table 2. Each urine 

sample was aliquoted into smaller volumes commensurate to the volume required by participants 

to perform duplicate nucleic acid extractions in 3 separate experimental runs. As we were 

unsuccessful in securing any additional clinical samples, a further two samples were prepared 

using the viral preparation used to prepare the candidate standard, which was spiked into JCV 

negative CSF (Sample C) and JCV negative Plasma (Sample D). The CSF and Plasma samples 

were confirmed negative for infectious blood borne viruses. They were obtained from the 

Raighmore Hospital, Scotland and the National Blood Service Colindale, UK respectively. Study 

samples A-D and F were assessed prior to evaluation in the collaborative study for an estimation 

of viral copy number. The estimated viral copies/ mL are presented in Table 2. All liquid 

samples were stored at -80⁰C until required for shipment. 

 

Design of the study 

Participants were shipped 6 vials of each sample on dry-ice and asked to perform duplicate 

analyses of each sample using a fresh vial of each sample for each data point in 3 independent 

runs. This was with the exception of samples A and B, as only a small volume of each sample 

was available, participants were requested  to analyse these samples only once per experimental 

run.  
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Study protocol 
Upon receipt participants were directed to store samples either at -70⁰C (A-D, F) or -20⁰C (E). 

Participants were directed to reconstitute lyophilised sample (E) in 1ml of nuclease-free 

molecular grade water for a minimum of 20 minutes with occasional agitation before use. For 

liquid preparations participants were directed to thaw samples just prior to extraction.   

Participants performing quantitative analyses were directed to test sample E  undiluted and then  

in addition at a minimum of 3-4 serial ten-fold dilutions in a single sample matrix commonly 

used in their laboratory (e.g. urine, CSF, plasma etc.). For example dilutions of 1/10, 1/100 etc. 

were suggested, such that at least 1 of these dilutions should fall into the linear range of their 

quantitation assay. For subsequent runs participants were requested to test a minimum of two 

serial dilutions of sample E that fell within the linear range of their assay. Participants were 

asked to provide their quantification values as copies/ml where possible.    

Those participants performing qualitative analysis were requested for the first assay, to test an 

undiluted and then an additional minimum of 7 serial 1:10 fold serial dilutions of Sample E in a 

single sample matrix commonly used in their laboratory (e.g. urine, CSF, plasma etc) in order to 

determine the end point  of detectable JCV viral DNA. Participants were requested to ensure 

their data included at least 2 dilution points at which an amplification product was no longer 

detectable. For the remaining qualitative assays, participants were requested to re-test the 

dilutions around the assay end point as determined in the first assay, and requested to include a 

minimum of two half-log serial dilutions either side of the determined end point dilution. 

Participants were asked to provide their findings as either negative or positive where possible.    

A results report form was provided to each participant, which included a sheet requesting the 

extraction details and amplification details of the assays performed. Separate sheets were 

provided for the obtained data values of each assay performed. An example study protocol is 

shown in Appendix III.  

Participants 

Participants for the collaborative study were selected from research and clinical laboratories 

based on recent peer reviewed publications on JCV NAT detection assays. Manufacturers of 

JCV NAT IVD kits were also included as well as reference and EQA laboratories. All 

participating laboratories were randomly assigned a laboratory code by which to reference their 

data thereby assuring laboratory anonymity. 27 participants agreed to undertake the JCV 

collaborative study. 2 groups were unable to proceed due to import constraints, 1 group 

withdrew and 1 group provided an insufficient dataset for analysis. Complete datasets were 

received from 23 participants representing 14 different countries (Appendix I). Where 

laboratories submitted more than one dataset they are referred to for example 22a, 22b.  

 

Statistical Methods 
 

Qualitative and quantitative assay results were evaluated separately. In the case of qualitative 

assays, for each laboratory and assay method, data from all assays were pooled to yield the 

proportion of positives out of the total number tested at each dilution step. A single ‘end-point’ 

for each dilution series was calculated, to provide an estimate of NAT detectable units/ mL. It 

should be noted that these estimates are not necessarily directly equivalent to copies/mL.  

 

In the case of quantitative assays, results were reported as ‘copies/mL’ and were used directly in 

the analysis. However the relationship of the reported copies/ mL to genuine genome 
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equivalence numbers is unknown. For each assay run, a single estimate of log10 ‘copies/mL’ was 

obtained for each sample, by taking the mean of the log10 estimates of ‘copies/mL’ across 

replicates, after correcting for any dilution factor. A single estimate for the laboratory and assay 

method was then calculated as the mean of the log10 estimates of ‘copies/mL’ across assay runs. 

 

The overall mean estimates were calculated as the geometric mean of all the data from individual 

laboratories. Variation between assays (intra-laboratory) and between laboratories (inter-

laboratory) was expressed as standard deviations (SD) of the log10 estimates and % geometric 

coefficient of variation (%GCV) of the actual estimates. The potencies of each sample (A-D, F) 

relative to sample E, the candidate International Standard, were calculated per laboratory as the 

difference in estimated log10 ‘units per mL’ (test sample – candidate standard).  

 

A comparison of log10 copies/mL results (after correction for dilution) was carried out in Minitab 

17 [Minitab. Inc, State College, PA, USA] by fitting a general linear model with laboratory and 

diluent (“undiluted”, “plasma”, “urine” etc.) as factors, with post-hoc Dunnett’s test being used 

to compare results obtained using different diluents with those obtained for undiluted samples. 
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Results and analysis 
 

Validation of study samples  
 

Stability studies  
 

Production data for the candidate standard sample E validated the CV of the fill mass and the 

mean residual moisture and oxygen content, which were determined to be within the acceptable 

limits for a WHO International Standard (Table 1).  

 

8 vials of the lyophilised candidate 14/114 were randomly selected for testing. The material was 

reconstituted and 140 µL from each vial was extracted as described above and 10µl of the 

extracted DNA used for amplification. Each extracted sample was tested in triplicate. An average 

of each triplicate was then used to determine the average viral copy number (Table 3). The 

analysis gave an average copy number of 6.95 log10 copies/mL (Range 6.91 – 7.02 log10 

copies/mL).  

 

A 4 and 8 month accelerated degradation assessment was performed to assess the change in 

potency if any, of detectable JCV virus across the various storage temperatures (Table 4). 1 vial 

was tested at each of the storage temperatures in 3 independent assays. Each vial was tested 

undiluted and then at a 10 fold dilution. The values obtained at 4 and 8 months show no 

observable drop in potency at temperatures up to +45⁰C. The stability analysis using Degtest-R 

(CombiStats, EDQM) was unable to show any predicted loss of potency, as the Arenithis model 

was unable to detect a significant pattern of change across the data. Based on the current 

evaluation the product is assumed stable and suitable for long term use.   

                 

 

Data Received 

Data were received from 23 laboratories from 14 different countries. From the 23 laboratories 21 

quantitative datasets and 5 qualitative datasets were analysed. For quantitative data, participants 

returned values as copies/ mL or log10 copies/mL. 2 laboratories provided data in gEq/ml which 

are equivalent to copies/ mL according to the manufacturer’s guidelines. Qualitative data was 

expressed as positive or negative. In general participants performed the runs using 1 assay 

method with the use of one matrix type for the dilution of Sample E.  

Exceptions were as follows: 

Participant 06 performed dilutions of Sample E in 4 different matrices (CSF, urine, Whole 

Blood, and Plasma). The mean estimates of sample E from this laboratory is represented by the 

total dataset based on all four diluents. 

Participant 09 performed dilution of Sample E in 2 different matrices (urine, plasma). The mean 

estimates of sample E from this laboratory is represented by the total dataset based on both 

diluents. 

Participant 13 (13a and 13b) data does not contain replicates, consequently intra-laboratory 

standard deviations could not be obtained for this dataset (Table 8) 

Participant 15 received insufficient volumes of samples A, B therefore these samples were 

diluted with PBS to attain the volume required for extraction. Similarly insufficient quantity was 

sent of samples C, D and F. Therefore replicates were not performed per run.  
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Participant 22 performed an in-house and commercial quantitative assay represented by the 

following nomenclature 22a and 22b. However the dataset represented as 22a was performed 

only once therefore no intra-assay variation could be determined for this dataset (Table 8).  

Participant 25 performed dilutions of Sample E in 2 different matrices (urine, plasma). The mean 

estimates of sample E from this laboratory represents the total dataset based on both diluents.  

Participant 26 performed dilution of Sample E in 3 different matrices (water, plasma, viral 

transport medium (VTM)). Therefore each of these matrices was assayed twice rather than 3 

times. The mean estimates of sample E from this laboratory is represented by the total dataset 

using all three diluents. 

Participant 27 performed dilution of Sample E in 2 different matrices (urine, plasma). The mean 

estimates of sample E from this laboratory is represented by the total dataset based on both 

diluents. 

 

Summary of assay methodologies 
 

Most participants used commercially available nucleic acid extraction kits, which included 

QIAGEN (QIAamp MinElute Virus Spin Kit, QIAamp DNA Blood Mini kit, QIAamp DNA 

mini Kit, QIAamp Viral RNA Kit, QIAamp DSP virus kit, DNeasy Blood & Tissue Kit, 

QIAamp Virus BioRobot MDx Kit, QIAsymphony Virus Bacteria DSP Midi Kit), Roche 

(Magna Pure DNA and Viral RNA, High Pure Viral Nucleic Acid Kit, MPLC large volume 

Total NA 2.0), BioMérieux (NucliSENS easyMAG, easyMAG Silica Magnetic bead extraction), 

Invitrogen (Charge Switch gDNA Serum Kit), ELITech Group (ELITe STAR 200 Extraction 

Kit), Anatolia Geneworks (Magrev
®
 Viral DNA/RNA Extraction Kit), Norgen Biotek Corps 

(Plasma/ Serum DNA purification Kit), and Siemens (Versant sample preparation 1.0). 1 manual 

extraction was performed using Proteinase K/Chloroform-Phenol extraction). Half of the 

extraction protocols were performed on automated extraction platforms including BioMérieux 

(Nuclisens easyMAG), QIAGEN (QIAcube, QIAsymphony, BioRobot MDX), Roche (MPLC 96, 

MagNa Pure), Siemens (VERSANT
®
 kPCR Molecular System), Anatolia Geneworks (Magrev

®
 

Viral DNA/RNA Extraction Kit), and  ElITech Group (ELITe STAR).  

 

21 datasets for quantitative amplification were compared with 5 qualitative amplification 

datasets. 17 datasets were obtained using in-house amplification methods, compared with 8 

datasets obtained using commercially available amplification kits. Commercial assays included 

ELITEch (JCV ELITe MGB kit, JCV Q-PCR Alert Kit ELITech), Altona Diagnostics (Realstar 

JCV PCR Kit 1.0, Realstar JCV PCR Kit 1.2), Anatolia Geneworks (Bosphore
®
 JCV 

Quantification Kit v1), IRIDICA Viral IC Assay Reagent Kit (Abbott Molecular Inc) and 

Norgen Biotek Corp (SYBR green-based Quant PCR). The most common target gene for PCR 

amplification was the T-antigen which was represented by 17 datasets, the remaining datasets 

were derived by amplification of VP1 or VP2 (n=3), and 1 using the non-coding region. 3 data 

sets derived using the Altona Diagnostics kits did not disclose the region of amplification.  

A range of amplification platforms are also represented by returned datasets, which include 

Applied Biosystems instruments (Veriti 96, 7300, 7500 Fast, 7900HT Real-time PCR Systems), 

Bio-rad (CFX96Touch, I cycler, CFX connect), Corbett Research QIAGEN (Rotor-Gene 3000, 

Rotor- Gene Q), Roche (LightCycler
®
 480 II, LightCycler

®
 2), Eppendorf Mastercycler

®
 pro S, 

Anatolia Geneworks (Montania
®
 4896 Real-Time PCR Instrument), Life Technologies 

(Stratagene MX3000P QPCR system), and Perkins Elmer 9600.  
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The returned details on methodology highlight the heterogeneity of the method combinations in 

use for both extraction and amplification of JCV NAT-detection assays.  

 

 

Estimated potencies of study samples 
 

The laboratory mean estimates from both the quantitative and qualitative assays are presented in 

Tables 5 and 6 respectively. Table 5 shows the mean estimates as log10 copies/ mL from 

quantitative assays performed for each of the samples received by each of the corresponding 

laboratories. Samples E and F were assayed by all laboratories. As samples A-D were not 

received for testing by all laboratories (based on responses to the questionnaire in Appendix II 

regarding routinely tested samples) an asterisk denotes “not tested”. The mean estimates are 

based on the collective dataset, including data points from undiluted and all dilutions. A large 

range in the estimated copies is evident across all the assay formats and for all the samples 

assayed. The log10 copies/ml range for the proposed JCV candidate IS (sample E) is 5.78-9.08 

for the quantitative assays, showing a 3.30 log10 spread of the data. For samples A-D and F 

laboratory mean estimates are only provided for the quantitative assessment of these samples. 

For sample F the log10 copies/mL show a 3.44 log spread (range 5.94-9.38) comparable with 

Sample E. The greatest log10 spread was observed for Sample A; a 4.32 log10 spread (1.87-6.19), 

Sample B exhibited a 2.91 log10 spread (4.06-6.97), Sample C exhibited a 2.24 log10 spread 

(4.66-6.90) and Sample D exhibited a 3.19 log10 spread (3.52-6.71). Table 6 shows mean 

estimates from 5 qualitative datasets for sample E only, based on the dilution series prepared by 

these laboratories. A wider range was observed in the qualitative mean estimates showing a 3.88 

log10 spread of NAT-detectable units/mL (3.50-7.38) for the candidate standard over the 5 

datasets. The qualitative assays showed a greater difference compared with quantitative assays in 

the mean estimate for the candidate standard sample E. 

 

Inter-laboratory variation 
 

The overall mean estimates and the inter-laboratory variation for both quantitative and 

qualitative assays are presented in Table 7. Column “n” defines the number of datasets used to 

derive each row of data. Quantitative log10 copies/mL estimates are provided for all samples, 

whereas qualitative estimates for Sample E only are provided in NAT detectable units/ mL. The 

overall mean estimate for sample E reported by qualitative assays was 5.16 NAT-detectable 

units/ mL compared with the overall mean estimate reported by the quantitative assays for 

sample E which was 7.37 log10 copies/ mL. The highest standard deviation of 1.41 was seen with 

the qualitative data for sample E giving the highest %GCV of 2462%, however this dataset 

represents only 5 laboratories which could account for the high variability. The quantitative data 

alone however shows a much lower SD and GCV values, 0.89 and 673% respectively. A 

combined mean value for Sample E using data from all 26 datasets is also shown. The high SD 

and % GCV values for Sample E, reflects the wide inter-laboratory variability.  

 

The overall mean estimates of the liquid bulk sample F is within the range of the lyophilized 

bulk mean estimate, showing good agreement (7.37 and 7.40 respectively). For the two clinical 

urine samples; sample A exhibited a mean estimates of 4.38 log10 copies/ mL and sample B 

exhibited a mean estimate of 5.68 log10 copies copies/ mL. Sample A the lower titre urine sample 

has a higher SD and GCV% values compared with sample B (1.0 and 891%). For the spiked 

clinical samples C and D, the overall mean estimates are 5.81 and 5.52 respectively. Sample C, 

the spiked CSF sample exhibits the least amount of inter-laboratory variability of all the samples 

with an SD value of 0.58 and a GCV of 279%. Sample D, the spiked plasma sample showed a 
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higher SD value of 0.87 and a GCV% of 641%.  Overall all the samples exhibit high standard 

deviations of the mean estimates and high GCV% values reflecting the high degree of variation 

across assays across the laboratories.  

 

 

Intra-laboratory variation 

 

Table 8 presents the variability observed for intra-laboratory estimates for the log10 copies/ mL 

for each of the samples assayed using quantitative analysis. Each laboratory is represented 

showing the SD values within each laboratory and the consistency across the samples assayed. 

Generally some SD values are extremely low (< 0.1) across the individual laboratories reflecting 

good single assay agreement and reproducibility. The highest standard deviation of 0.85 log10 

copies/mL was seen with sample F for laboratory 26 however the SD values across this 

laboratory for the remaining samples are far lower (range of 0.05-0.26). Sample A shows the 

next highest SD value of 0.71 for laboratory 15 however again similarly high values are not 

observed across the remaining samples (0.03-0.11).  

 

Comparison of laboratory reported estimates and relative potencies 
 

Figures 1, 2, 4, 6, 8 and 10 present the mean estimates for Sample E, F, A, B, C and D 

respectively in log10 copies/ mL. In Figure 1 quantitative assay estimates are represented by 

unshaded boxes and the qualitative datasets are shaded (red) boxes. For samples F, A-D only 

quantitative data is represented. Each dataset is shown by the individually assigned laboratory 

number inside each box. Where laboratories provided more than one dataset a further 

designation of “a” or “b” alongside the laboratory number is provided. The mean estimates of 

each sample are plotted as log10 copies/mL against the frequency of the estimated mean values. 

Sample E (Figure 1) has the highest log10 spread (3.50-9.08) of estimates since it combines both 

qualitative and quantitative analysis. The remaining samples only represent quantitative datasets. 

Sample A (Figure 4) also has a high log10 spread (1.87-6.19). Sample C (Figure 8) shows the 

lowest log10 spread (4.66-6.90) of estimates.  

 

Figures 3, 5, 7, 9 and 11 show the laboratory estimates of potency relative to Sample E from 

quantitative assays, which are represented as the difference in log10 copies/ mL. These values are 

obtained by taking the difference between the laboratory derived estimate for sample E from 

each of the laboratory derived estimates for sample A, B, C, D or F, values are provided in 

Appendix IV. Figure 3 shows the mean estimate difference of sample F deviates no more than 

0.25 log10 copies/ mL from the mean estimate of Sample E for the vast majority (71%) of the 

laboratories. The relative potency estimation brings laboratory 6, an outlier, to within less than 

0.3 log10 copies/mL difference of the consensus, moving ~2.5 log10, harmonising the dataset.  

Only 2 laboratories 12 and 26 out of the total 21 participants show a > -0.5 log10 copies/ mL 

difference relative to Sample E.  

Figure 4 and Figure 5 show histogram plots of Sample A (lower titre urine sample). Sample A 

has the highest spread of mean estimations, this spread shows little or no improvement when the 

difference in mean estimates relative to sample E is plotted (Figure 5). When sample B (higher 

titre urine sample) is plotted in the histogram format (Figure 6) there is slight reduction in spread 

of the log10 copies/ mL mean estimations, and there is a marginal improvement compared with 

Sample A in the harmonization of the mean estimates when the mean difference is plotted 

relative to sample E (Figure 7). 

 

The histograms of the datasets returned for the evaluation of Sample C (candidate stock spiked 

into JCV negative CSF) is depicted in Figure 8. When expressed relative to Sample E there is 
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good harmonisation observed (Figure 9), with 64% of laboratories showing agreement after 

potency estimation is expressed relative to the candidate.  Finally Figure 10 and 11 show the 

histogram depiction of Sample D (candidate stock spiked into JCV negative plasma). Figure 10 

shows the 3.19 log10 spread of the mean estimates for Sample D. When expressed as the mean 

difference to Sample E, a drop is seen in the spread of the data where agreement is observed with 

67% of laboratories after the relative potency assessment.  

 

Assessment of diluent effects 
 

Figure 12 shows the laboratory mean estimates for sample E in log10 copies/mL and NAT 

detectable units/ mL for the qualitative datasets (1, 10, 11, 15 and 16), using data obtained 

following the dilution of the reconstituted lyophilised candidate. Both clinical samples (urine, 

plasma, CSF) and non-clinical samples were used to perform dilutions. Each diluent used is 

represented by a colour/shade of grey, and the remaining unshaded boxes illustrate diluents 

represented by only one dataset. There is no clear trend suggesting little difference in the mean 

estimate based on the diluent used.  

 

Since the proposed IS preparation is intended for use using multiple diluents,  Figure 13 shows a 

post-hoc Dunnett’s analysis to establish the  effect if any on the mean estimate of Sample E 

depending on the diluent used. The results obtained using different diluents are compared with 

those obtained for the undiluted sample (reconstituted in water). All diluents used for sample E 

are listed on the y-axis. None of the diluents used show a significant difference from the mean of 

the undiluted sample. Plasma is represented by the greatest number of replicates, followed by 

urine and then CSF. Whole blood and VTM are represented by only one dataset and thus show 

the greatest spread.  
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Discussion 

 

 

The candidate standard comprises a whole virus preparation of JCV type 1A which represents 

the archetypal JCV strain.  Based on participant replies received to the question “Is your assay 

genotype specific” from the collaborative study questionnaire (Appendix II) the majority of 

diagnostic assays do not stipulate a requirement to distinguish between genotype classes and 

subtypes. Therefore for most assays particularly those that target the conserved regions such as 

the T-antigen which represent the majority of the amplification methods as described by the 

study participants, the JCV type 1A should be suitable for use as an international standard.  

The production data analyses of the residual oxygen and moisture content of the lyophilised 

formulation are within the acceptable limits for long term stability. The viral copy estimations 

obtained for the candidate post-production show good homogeneity of the vial contents. The 

mean log10 copies/ mL obtained from this analysis are in agreement with the finding on the 

consensus mean estimate of the standard. The results obtained from the accelerated thermal 

degradation studies at 4 and 8 months indicate that the candidate is stable. Further analysis at 

future time points will provide an indication of continued suitability for long-term use.  

 

JCV NAT detection assays are routinely performed on a number of clinical matrices, including 

CSF, plasma and urine. For both practical and ethical reasons it would be impossible to acquire 

sufficient volumes of each clinical matrix for the production of multiple IS formulations at the 

scale required for the production of an international standard. Furthermore, there would be 

limited consistency between batches of the standard. Therefore the proposed candidate has been 

formulated in a universal buffer intended for further dilution by the end user, in a diluent 

pertinent to the matrix being analysed. The use of a universal buffer formulation should allow 

the candidate standard to be as similar as possible to that of the analyte under investigation, once 

it is diluted into the matrix of choice. In addition, the use of a whole virus preparation allows the 

candidate standard to be extracted alongside clinical samples. The inclusion of the candidate 

standard into the workflow of the detection assay ensures standardisation of the entire process. 

The preparation was not subject to viral inactivation methods, in order that viral particles remain 

as close to the native state as possible and potentially more comparable to that observed in a 

clinical specimen. This was also implemented considering the possible changes introduced 

through lyophilisation of the candidate.   

  

 

Commutability of the candidate standard has been addressed in so far as the data returned from 

the study participants has provided a preliminary assessment of the performance of different 

matrices. The number of datasets that were analysed with the candidate diluted into each of the 

relevant clinical analytes were urine (n= 9) plasma (n=13), CSF (n=5). As the behaviour of an 

international standard should resemble as closely as possible to that of a true clinical sample, 

ideally we would include relevant clinical comparisons for analysis alongside the candidate 

standard for the multicentre collaborative study. Our study included 2 genuine patient samples 

which were aliquoted for assessment without further manipulation. Since we were unable to 

secure further representative clinical samples i.e.; CSF and plasma, we spiked CSF and plasma 

samples with the candidate JCV material.  
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The multicentre collaborative study included 23 laboratories to provide a wide representation of 

end-users, a range of assay methodologies and also a good geographical representation. The data 

show that a large range of estimated means was observed across the various assay format 

represented by data sets received from the collaborative study participants. One of the highest 

log10 copies/ mL spread was observed with Sample A, which was estimated at 4.0 log10 copies/ 

mL by the donating laboratory. The observed variation of 4.32 log10 copies/ mL could be 

attributable to reduced assay sensitivity at the lower end of the detection range of assays which 

could account for the greatest variation observed with this sample.  

 

The intra-laboratory standard deviations (Table 8) show good consistency within each laboratory, 

indicative of good single assay validation in the absence of primary reference standard. 

Nevertheless the inter-laboratory mean estimates of all the study samples do show considerable 

variation as reflected in the SD values and the GCV%, illustrating a lack of comparability 

between laboratories from one assay to another which justifies the need for standardisation. Our 

findings concur with the observations made from a joint NIBSC and Clinical Virology Network  

(CVN) study to test a multiplex run reagent containing 11 viral targets for NAT detection assays 

(Personal communication) where JCV assays showed the highest inter-laboratory variability, 

based on Ct values returned by 7 laboratories performing NAT detection assays. Interestingly 

JCV assays in the NIBSC/CVN study also showed the least intra-laboratory variability of all the 

targets tested, showing robust comparability within laboratories. The observed variability 

described by the NIBSC/CVN study is in agreement with the findings from this multi-centre 

collaborative study, supporting our findings and further highlighting the need for standardisation.  

 

 

The overall quantitative mean estimate of the proposed freeze-dried standard is 7.37 log10 copies/ 

mL (SD 0.89 and GCV 673%), this compares well with the quantitative mean of the equivalent 

liquid bulk (Sample F) 7.40 log10 copies/ mL (SD 0.89 and GCV 677%), indicating there was no 

significant loss in potency upon freeze drying of the candidate. The small difference between the 

mean estimate of Sample E compared with Sample F could be attributable to the variation 

introduced by the processing of Sample E. Sample E is first reconstituted in water and then 

diluted into a selected matrix. The mean estimate of Sample E is based on the reconstituted “neat” 

values as well as the dilutions into various matrices.  

 

The agreement between laboratories for samples C and D was markedly improved when the 

potencies for these samples was expressed relative to the candidate standard (Sample E), 

demonstrating the suitability of the candidate to standardise assays.  However improved 

agreement was not observed with the clinical urine sample A. This could be attributable to the 

lower limits of quantification for some of the assays with the lower titre sample. This could also 

be in part due the sample matrix, since limited harmonization was also observed with the higher 

titre urine sample B.  

 

Samples C and D showed good harmonisation of potency estimates when expressed relative to 

the proposed candidate. In this study we were unable to obtain CSF or plasma patient samples. In 

fact these samples represent pseudo clinical samples as they were generated by spiking the 

candidate JCV material into JCV negative CSF or plasma. This must bias the results to some 

degree as the virus assayed is identical to the proposed candidate, which must be considered in 

our conclusion.  

 

17 assays were compared for samples A and B, whereas fewer samples were assayed for samples 

C (n = 11) and D (n =15).   In order to address this issue fully a larger study with multiple low, 

medium and high clinical samples in equal numbers with an equal number of participants should 
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be conducted in order to draw robust conclusions on the commutability of the proposed standard 

to harmonise JC virus NAT assay across the differ matrices in which it is routinely tested.  

Although not a true clinical sample the proposed standard showed the best commutability to 

plasma and then CSF. Despite the limitations discussed above agreement was achieved, 

suggesting the assays can be optimised for plasma and CSF quantification.        

 

Overall the results of the study demonstrate that the candidate standard, NIBSC code 14/114, is 

suitable for use as a standard for the quantification of JCV DNA detection assays. Based on the 

findings of this collaborative study we would recommend a value of 6.95 rounded up to 7.00 

log10 International Units/ mL to be the assigned potency. Alternatively if the potency was 

assigned based on the quantitative data alone a value of 7.37 log10 IU/ mL would be assigned. 

Whilst the latter value is based on a more robust dataset with lower SD and GCV percentage, it 

would not be a true representation of the range of NAT assays in use for JCV determination 

which include both qualitative and quantitative assays. Therefore we would recommend the 

former rather than the latter log10 IU/ mL assignment 

   

Sample Assay n Mean log10 

copies/ mL 

SD GCV 

E Qualitative 5 5.16 1.41 2462% 

 Quantitative 21 7.37 0.89 677% 

 Combined 26 6.95 1.32 1978% 

      
                                                  



WHO/BS/2015.2259 

Page 18 

 

Recommendation 
 

It is proposed that the candidate standard (NIBSC code 14/114) is established as the 1
st
 WHO 

International Standard for JCV DNA with an assigned potency of 7.0 log10 International Units 

when reconstituted in 1 mL of nuclease-free water. The proposed standard is intended for use by 

IVD manufactures for kit calibration and for use by clinical, reference and research laboratories 

for the calibration of secondary reference reagents used in routine NAT-assays for JCV detection.  

 

Collaborative study participant comments 

 
There were no disagreements with the suitability of the candidate standard (NIBSC code 14/114) 

to serve as the 1
st
 WHO International Standard for JCV. The majority of comments suggested 

typographical errors and corrections which have been implemented into the revised document. 

Specific comments from participants are as follows:  

 

Participant 2 

In the introduction, JCV genotype and subtype should be explained. 

They have suggested transferring the first 6 lines of the discussion into the introduction. 

 

Participant 2 has requested a more thorough explanation of the data in Table 7. This has been 

done to provide a fuller description commensurate with the paragraph written for the BKV 

collaborative study.  

 

Participant 10 

The assay used for the study by participant 10 was launched as a CE-IVD assay during the time 

the JCV collaborative study experiments were performed. They have requested the  following 

details be added to the section “summary of assay methodologies”; IRIDICA Viral IC Assay 

Reagent Kit (List No. 08N24-010) manufactured by Abbott Molecular Inc. (page 11).   

 

Participant 11 

In the section “assessment of diluent effects” (page 14) , the sentence “At the consensus urine 

and plasma are represented equally, with 3 out of 9 values represented for either matrix” was 

described as being very difficult to understand. This has been removed.  

 

Participant 11 has suggested that for Tables 5 and 8 it should be specified that some laboratories  

did not receive certain samples for testing, suggesting either the inclusion of NT (not tested) or 

NR (not received) to avoid misinterpretation that the laboratory was unable to detect the sample. 

An explanation is provided in the text and the following statement has also been added beneath 

Tables 5 and 8, where an asterisk has been added. * Refers to samples “not tested” as they were 

not part of the test panel for that laboratory.                   
 

On page 16 of the discussion paragraph 2 the following statement was queried for clarification 

and explanation of the abbreviation CVN. “Our findings concur with the observations made from 

the joint NIBSC and CVN study to test a multiplex run reagent containing 11 viral targets for 

NAT detection assays”. This section has been rewritten.  
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Table 1: Production summary for the candidate standard (Sample E) 

NIBSC code 14/114 

Product name JC Virus 

Dates of processing Filling: 12/05/2014 

  Lyophilisation: 20/10/14- 23/10/14  

  Sealing and capping: 23/10/14 

Presentation Freeze-dried preparation in 5ml screw-cap glass 

vial 

Appearance Well-formed robust cake  

No of vials filled 4252 

Mean fill weight (g) 1.0088 

CV of fill weight (%) 0.33 

Mean residual moisture (%) 0.65 (n=12) 

CV of residual moisture (%) 20.3 

Mean of Oxygen content (%) 0.75 (n=12) 

CV of Oxygen content (%) 10.7 

No. of vials available to WHO 4103 

 

Table 2: Study sample details 

Sample JCV Sample ID Estimated viral log10 

copies/ml 

A Bone marrow transplant patient urine sample  4.53 

B Bone marrow transplant patient urine sample  6.65 

C Candidate IS spiked in CSF 5.32 

D Candidate IS spiked in Plasma 5.08 

E Proposed JCV candidate IS lyophilised 14/114 7.10 

F Proposed JCV candidate IS liquid bulk 7.14 

 

Table 3: Viral potency analysis of lyophilised candidate 

 

Lyop candidate 14/114 (Sample E) Vial 1 Vial 2 Vial 3 Vial 4

Av Log10 copies/ mL 7.02 6.98 7 6.96

Lyop candidate 14/114 (Sample E) Vial 5 Vial 6 Vial 7 Vial 8

Av Log10 copies/ mL 6.97 6.91 6.95 6.84

Overall Log10 copies/ mL 6.947503741
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Table 4: Stability of 14/114 at 4 and 8 months 

 

Table 5: Laboratory Mean Estimates from Quantitative Assays (log10 

copies/ml) 

Lab Sample E Sample F Sample A Sample B Sample C Sample D 

2 5.78 5.94 3.50 4.06 *  3.52 

4 6.32 6.21 4.75 6.11 5.67 *  

6 9.08 9.38 *  *  6.90 *  

7 6.50 6.66 1.87 4.60 *  *  

9 6.69 6.79 3.84 5.10 *  4.89 

12 8.92 7.74 6.19 6.97 6.27 6.52 

13a 8.49 8.80 4.56 5.96 *  6.71 

13b 8.45 8.56 4.48 5.83               * 6.58 

14 7.36 7.50 4.54 5.71 5.78 5.68 

15 6.48 6.73 4.39 5.74 4.66 4.72 

17 7.51 7.69 5.35 6.15 5.76 5.79 

18 7.45 7.45 4.41 5.33 *  5.57 

19 7.75 7.70 *  *  5.84 5.91 

20 7.17 7.45 *  *  *  *  

21 6.44 6.44 4.61 5.51 *  4.61 

22a 7.59 7.63 5.21 6.33 5.62 5.81 

22b 8.23 8.27 4.80 6.02 6.40 6.24 

23 7.05 7.04 3.00 5.00 5.36 5.20 

25 7.41 7.66 5.24 6.74 5.65 *  

26 6.71 6.17 3.68 5.38 *  5.03 

27 7.39 7.50 *  *  *  *  
*Refers to samples “not tested” as they were not part of the test panel for that laboratory.  

 

 

 

4 months 8 months 4 months 8 months

-70 7.129 7.059

-20 7.125 7.083

4 7.16 7.046 0.04 0.03

20 7.152 7.105 0.03 0.03

37 7.206 7.128 0.08 0.05

45 7.163 7.131 0.04 0.05

Mean log10 ‘copies/mL’ Difference in log10 ‘copies/mL from -20°C baseline sample
Temperature (°C)
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Table 6: Laboratory Mean Estimates from Qualitative Assays (log10 

copies/ml) 

Lab Sample E 

1 7.38 

10 5.12 

11 3.50 

15 5.14 

16 4.66 

 

Table 7: Overall Mean Estimates and Inter-Laboratory Variation (log10 

copies/ml for quantitative or NAT-detectable units/ml for qualitative assays) 

Sample Assay n Mean SD GCV Min Max 

E Qualitative 5 5.16 1.41 2462% 3.50 7.38 

 Quantitative 21 7.37 0.89 673% 5.78 9.08 

 Combined 26 6.95 1.32 1978% 3.50 9.08 

        
F Qualitative       

 Quantitative 21 7.40 0.89 677% 5.94 9.38 

        
A Qualitative       

 Quantitative 17 4.38 1.00 891% 1.87 6.19 

        
B Qualitative       

 Quantitative 17 5.68 0.74 446% 4.06 6.97 

        
C Qualitative       

 Quantitative 11 5.81 0.58 279% 4.66 6.90 

        
D Qualitative       

 Quantitative 15 5.52 0.87 641% 3.52 6.71 
 

  



WHO/BS/2015.2259 

Page 24 

 

Table 8: Intra-Laboratory standard deviation of log10 copies/ml quantitative 

assays 

Lab Sample E Sample F Sample A Sample B Sample C Sample D 

2 0.09 0.44 0.23 0.29 *  0.09 

4 0.22 0.27 0.13 0.18 0.09 *  

6 0.12 0.16 *  *  0.12 *  

7 0.04 0.09 0.13 0.11 *  *  

9 0.10 0.04 0.20 0.01 *  0.24 

12 0.30 0.20 0.19 0.46 0.27 0.08 

13a n/a n/a n/a n/a n/a n/a 

13b n/a n/a n/a n/a n/a n/a 

14 0.08 0.09 0.13 0.04 0.06 0.25 

15 0.03 0.07 0.71 0.10 0.11 0.08 

17 0.30 0.07 0.16 0.16 0.01 0.02 

18 0.03 0.04 0.10 0.04 *  0.02 

19 0.06 0.05 *  *  0.13 0.01 

20 0.07 0.10 *  *  *  *  

21 0.09 0.20 0.12 0.20 *  0.16 

22a n/a  n/a n/a n/a n/a n/a 

22b 0.09 0.10 0.26 0.08 0.03 0.03 

23 0.12 0.17 0.04 0.14 0.09 0.10 

25 0.17 0.12 0.19 0.38 0.24 *  

26 0.26 0.85 0.18 0.05 *  0.14 

27 0.18 0.03 *  *  *  *  
* Refers to samples “not tested” as they were not part of the test panel for that laboratory.                  

“n/a” denotes that values could not be obtained as insufficient replicates were performed. 
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Figure legends 

Figure 1, 2, 4, 6, 8, 10: 

Individual laboratory mean estimates (log10 copies/ mL) for each samples E, F, A, B, C, D 

obtained quantitative analysis. For Figure 1 results are presented for both quantitative and 

qualitative datasets. The qualitative assays are shaded. Each box represents the mean estimate 

obtained from each laboratory based on all the returned values within each dataset (mean 

estimation from neat and diluted samples). Each box is labelled with the laboratory code number.  

Figures 3, 5, 7, 9, 11:  

The individual laboratory mean estimates of each sample expressed as the difference in log10 

copies/mL relative to the candidate standard Sample E. Each box is labelled with the laboratory 

code number. Only quantitative data is shown. (Relative potency estimate values are included in 

Appendix IV)  

Figure 12: Laboratory Mean Estimates for Sample E in log10 copies/ml and NAT detectable 

units/ mL using diluted data only. 

Individual laboratory mean estimates for sample E, both quantitative and qualitative datasets are 

shown. The boxes are shaded to represent the diluent used for dilution of sample E. Each box 

represents the mean estimate obtained from each laboratory based on all the returned values 

within each dataset (mean estimation from diluted samples only).  Each box is labelled with the 

laboratory code number. 

Figure 13: Multiple comparison analysis using Dunnett Test 

The Dunnett's Test is used in ANOVA to create confidence intervals for differences between the 

mean of sample E diluted into the various diluents and the mean of the undiluted sample E. If an 

interval contains zero, then there is no significant difference between the two means under 

comparison. Each evaluation was derived from the following number of datasets:   

Undiluted = 20, VTM = 1, Water = 4, CSF = 5, Blood = 1, Plasma = 13, Urine = 9, PBS = 4 

CSF (Cerebrospinal Fluid), VTM (Viral transport medium), PBS (Phosphate buffered saline). 

  

 

 

 

 

 

 

 

  



WHO/BS/2015.2259 

Page 26 

 

Figure 1: Laboratory Mean Estimates for Sample E in log10 copies/ml and 

NAT detectable units/ mL 
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Figure 2: Laboratory Mean Estimates for Sample F in log10 copies/ml 

 

Figure 3: Laboratory Mean Estimates Difference for Sample F relative to 

Sample E in log10 copies/ml 
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Figure 4: Laboratory Mean Estimates for Sample A in log10 copies/ml 
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Figure 5: Laboratory Mean Estimates Difference for Sample A relative to Sample E in 

log10 copies/ml 
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Figure 6: Laboratory Mean Estimates for Sample B in log10 copies/ml 
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Figure 7: Laboratory Mean Estimates Difference for Sample B relative to Sample E in log10 

copies/ml 
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Figure 8: Laboratory Mean Estimates for Sample C in log10 copies/ml 
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Figure 9: Laboratory Mean Estimates Difference for Sample C relative to Sample E in 

log10 copies/ml 
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Figure 10: Laboratory Mean Estimates for Sample D in log10 copies/ml 
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Figure 11: Laboratory Mean Estimates Difference for Sample D relative to Sample E in 

log10 copies/ml 
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Figure 12: Laboratory Mean Estimates for Sample E in log10 copies/ml and NAT 

detectable units/ mL coded according to the diluent used  
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Figure 13: Multiple comparison analysis using Dunnett Test 
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Appendix I 

Collaborative Study Participants (In alphabetical order according to country) 

 

Australia Dr Seweryn Bialasiewicz Sir Albert Sakzewski Virus Research Centre

Queensland

Belgium Dr. Marijke Reynders AZ Sint-Jan Brugge-Oostende AV Campus Sint-Jan

Laboratory Medicine (6th Floor) Molecular Microbiology

BRUGGE

Canada Dr Jaclyn Ugulini Norgen Biotek Corp.

Ontario

Czech Republic Dr Martina Salakova Department of Experimental Virology

Institute of Hematology and Blood Transfusion

Prague

France Dr Catherine Mengelle & Dr Jean-Michel Mansuy Department of Virology

Federative Institute of Biology

Toulouse 

Germany Dr Karin Rottengatter/ Dr Waldemar Fischer Altona Diagnostics GmbH

Hamburg

Germany Dr Steffi Silling Nationales Referenzzentrum für Papillom- und Polyomaviren

Institut für Virologie

Köln

India Dr Rajesh Kannangai Department Of Clinical Virology

Christian Medical College

Tamil Nadu 

Italy Dr Mauro G. Tognon University of Ferrara.

Cell Biology and Molecular Genetics

Italy Dr Valeria Antonietta Pietropaolo Department of Public Health and Infectious Disease

Univeristy of Rome

Italy Dr Christiana Olivo ELITetechGroup SpA

Torino, 

Netherlands Dr Rob Schuurman University Medical Center Utrecht

Department of Virology

Spain Prof. Sílvia Bofill Mas Laboratory of Virus Contaminant of Water and Food

Department of Microbiology

University of Barcelona

Spain Dr Juan E. Echevarría National Center of Microbiology

Institute of Health Carlos III

Madrid

Tunisia Dr Mounir Trimeche Department of Pathology

CHU Farhat Hached of Sousse

Turkey Dr Elif Akyuz Anatolia Tani ve Biyoteknoloji Urunleri Ar-Ge San.Tic. A.S.

Kadikoy ISTANBUL

UK Dr Elaine McCulloch QCMD

West of Scotland Science Park,

Glasgow

U.K Dr Baljit Saundh Microbiology Department

Leeds Teaching Hospitals NHS Trust 

Leeds General Infirmary

U.K Dr Ian N Hampson and Dr Lynne Hampson University of Manchester Viral Oncology Labs.

Institute of Cancer Studies, St Mary's Hospital

Manchester

UK Dr Sheila Govind Division of Virology

National Institute for Biological Standards and Control (NIBSC).

South Mimms

U.S.A Dr Kathleen Stellrecht/ Mr Shafiq Butt Albany Medical Center

Albany, New York 

U.S.A Dr Kristin S Lowery AthoGen/Ibis Biosciences

Carlsbad, California

U.S.A Dr Belinda Yen-Lieberman/ Dr Gary W Procop Cleveland Clinic

Department of Clinical Pathology, LL1-2

Cleveland, Ohio

Instituion Participant Country 
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Appendix II 

Collaborative Study Questionnaire 
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Appendix III 

Example collaborative Study Protocol 
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Appendix IV 

Laboratory Estimates of Potency Relative to Sample E from Quantitative 

Assays (Difference in log10 copies/ml) 

Lab Sample F Sample A Sample B Sample C Sample D 

2 0.17 -2.28 -1.71  * -2.25 

4 -0.11 -1.57 -0.21 -0.65  * 

6 0.30  *  * -2.19  * 

7 0.16 -4.64 -1.91  *  * 

9 0.10 -2.85 -1.59  * -1.81 

12 -1.17 -2.72 -1.95 -2.65 -2.40 

13a 0.31 -3.93 -2.53  * -1.78 

13b 0.10 -3.98 -2.62  * -1.87 

14 0.14 -2.82 -1.65 -1.58 -1.68 

15 0.25 -2.09 -0.74 -1.82 -1.76 

17 0.18 -2.16 -1.35 -1.75 -1.71 

18 0.00 -3.03 -2.12  * -1.88 

19 -0.05  *  * -1.90 -1.84 

20 0.28  *  *  *  * 

21 -0.03 -1.83 -0.93  * -1.83 

22a 0.04 -2.38 -1.26 -1.97 -1.78 

22b 0.04 -3.42 -2.20 -1.83 -1.99 

23 -0.01 -4.05 -2.06 -1.70 -1.85 

25 0.25 -2.16 -0.66 -1.75  * 

26 -0.55 -3.04 -1.34  * -1.69 

27 0.11  *  *  *  * 
* Refers to samples “not tested” as they were not part of the test panel for that laboratory. 
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Appendix V  

Collaborative study JCV IFU 
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