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Summary  
 
This report describes the evaluation of candidate materials to replace the WHO 3

rd
 International 

standard for HIV-1 RNA. The candidate standard, comprising a lyophilised, heat inactivated 

subtype B virus diluted in human citrate plasma, was evaluated in an international study 

alongside the current WHO 3
rd

 International standard (NIBSC code 10/152). A liquid preparation, 

a positive single plasma donation and two low titre NIBSC working reagents (derived from the 

same stock material as the candidate IS) were also evaluated; samples were coded A to F. 

Twenty-one laboratories representing ten countries returned twenty-three data sets from thirteen 

different commercial assays and two in-house methods. Of these fifteen methods, eleven were 

quantitative and four were qualitative. 

 

The overall mean potency estimate for the candidate material (Sample A) was 4.45 Log10 across 

all units (IU/Copies/NAT detectable units), which when expressed as a relative potency to the 3
rd

 

International Standard gave a potency value of 5.10 Log10 IU/mL with excellent harmonisation 

across quantitative assays (from a range of 1.25 Log10 Copies/IU/mL to 0.17 Log10 IU/mL 

respectively). Qualitative assays showed a slight variation with 4 labs giving an over quantified 

result. 

 

Accelerated degradation studies to date indicate suitable stability of this material for long term 

storage at -20
0
C and short term shipping at ambient temperatures. 

 

The results of this study suggest that sample A (NIBSC code 16/194) is a suitable replacement 

standard and should be established as the 4
th

 International standard for HIV-1 NAT assays with 

an assigned unitage of 125,893 (IU/mL (5.10 Log10 IU/mL) when reconstituted in 1.0 mL of 

nuclease-free water. 
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Introduction 
 
The advent of nucleic acid-based technologies (NAT) in the 1990’s provided a technology that 

could directly detect the presence of virus, thus giving a positive indication of infection weeks in 

advance of the traditionally used serological tests. However, it was acknowledged in the 

community that inter-assay sensitivity varied greatly [1]. Concern arose from the blood 

transfusion field that harmonisation was needed across this new technology to reduce the risk of 

transfusion transmitted infections (TTI) occurring through false negative screening results from 

blood donations. 

 

In response, in 1998 NIBSC evaluated two HIV-1 RNA candidate products, one a 

plasmapheresis donation, the other a patient isolate expanded through human peripheral blood 

mononuclear cells (PBMC’s) and spiked in to negative human plasma (NIBSC codes 97/656 & 

97/650 respectively). Following a collaborative study, both products were deemed suitable for 

establishment as a WHO International Standard (IS). 97/656 was established as the 1
st
 HIV-1 

RNA IS [2] followed by 97/650 6 years later, after 97/650 stocks became depleted. 97/650 was 

re-evaluated in a similar collaborative study before establishment [3]. 

 

In 2010 the development of the 3
rd

 IS (with a defined potency of 5.27 Log10 IU/mL) moved away 

from the use of live infectious material and employed the use of heat to produce an inactivated 

product [4]. The 3
rd

 International Standard, alongside its predecessors, has over the last 18 years 

improved agreement and the sensitivity of nucleic acid-based techniques (NAT) for the detection 

of HIV-1 RNA. Due to diminishing stock levels of the 3
rd

 IS the development of the 4
th

 IS was 

proposed and endorsed at the ECBS meeting in October 2015.  

 

This report describes the preparation of the 4
th

 WHO IS candidate material (NIBSC code 16/194) 

and its evaluation alongside the current 3
rd

 WHO IS HIV-1 RNA (NIBSC code 10/152). In 

addition, other materials were also included in the collaborative study; a clinical sample to assess 

the commutability, a corresponding liquid frozen bulk material to estimate titre loss during 

lyophilisation and quality control materials to assess their use as routine run controls.  

 

Previous batches of this material have lasted between 4-6 years, limited by the batch size that 

could be lyophilised, however with improved facilities at NIBSC this replacement batch 

comprises 9235 vials. 

 

Aims 
 
This study aims to evaluate the suitability and potency of a heat inactivated, tissue culture 

derived, HIV-1 material spiked into human citrate plasma in parallel with the 3
rd

 WHO 

International Standard for HIV-1 RNA (NIBSC code 10/152). The study will also provide 

limited commutability data with the comparison against a single donor positive plasma donation. 

 

Materials 
 

Candidate Standard 

 
The candidate material consists of a primary isolate of HIV-1 that has previously been passaged 

through PBMC’s to provide a working stock > 8Log10 IU/mL. Such stocks were expanded in 

1999 and have been stored under vapor phase liquid nitrogen since this time. Stock materials are 
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heat inactivated at the time of development of each batch of IS material. Following heat 

inactivation efficacy studies, the inactivated stock material was spiked into human citrate plasma 

that had been tested for and shown to be negative for HIV antibody, HBsAg, HCV RNA and 

syphilis antibody. The candidate material was lyophilised for long term stability. 

 

Selection of the virus strain 

 
During the initial considerations for the development of the 1

st
 IS it was decided that the 

candidate should be formulated from the most prevalent subtype. In 1999 this was considered to 

be subtype B. At the WHO ECBS meeting in 2015, the proposal to establish the 4
th

 IS included a 

discussion to change the subtype to suit the current most prevalent strain, subtype C. However 

given that large quantities of the well characterised subtype B virus that was previously used to 

produce the 2
nd

 and 3
rd

 IS’s still remain under vapor phase liquid nitrogen it was decided to 

maintain the continuity of the virus strain by using these available stocks. 
 

Source 

 
The virus was initially isolated in 1996 post-mortem from a patient that had died from an AIDS-

defining illness [5]. The virus was supplied as a low-passage PBMC culture and a stock of cell-

free culture supernatant stored under vapour phase liquid nitrogen. The stock virus has since 

been back calibrated against the 3rd IS and shown to contain 8.1 Log10 IU/mL. This figure was 

used to calculate the required volume of material used to produce the 4th IS. The 3rd IS also 

produced from this stock material has been fully sequenced using next generation sequencing 

technology and has confirmed the virus to be subtype B with an assigned ascension number 

KJ019215 [6]. No further passaging of viral stocks was required to produce the 4th IS therefore 

the sequence is not expected to have changed. 

 

Heat inactivation of virus 

 
Twelve 1mL aliquots of the stock virus were placed in a water bath set to 60

0
C for the duration 

of 1 hour. Water bath readings were taken every 20 minutes to ensure the material was held at a 

constant 60
0
C. The heat-treated vials were then removed to a separate laboratory where no 

infectious material had been propagated. It was pooled, re-aliquoted and stored at -80
0
C. To 

confirm efficacy of the heat inactivation, inactivated stock material was spiked at a concentration 

of 1:15 into 7mL’s of PBMC’s, seeded at a density of approximately 1x10
6
 cells/mL and left for 

1 hour at 37
0
C. This culture was repeated with live stocks (non-heat inactivated), where serial 

dilutions from 10
-1

 to 10
-5

 were also performed. Three negative control flasks which were not 

inoculated with any viral material were also treated in in the same manner.  

 

Following the inoculation period, all PBMC’s were washed with RPMI tissue culture medium 

and re-suspended in RPMI supplemented with15% Fetal Calf Serum, 500U/ml antibiotic 

(Penicillin/Streptomycin), 2mM Glutamine and 5ug/ml Interleukin 2 (IL-2). Each culture was 

maintained at 37
0
C and checked twice weekly for signs of cytopathic effect (CPE). Tissue 

culture supernatant was also taken from each culture at the same time to assay for the presence of 

HIV-1 p24. Cultures were maintained for 28 days, with twice weekly media and PBMC refresh. 

Samples were tested for p24 antigen using the DiaSorin Liaison XL – Murex HIV Ab/Ag assay. 
 

The quantification of viral RNA post heat inactivation was assessed using the Roche Kit Cap-

G/CTM HIV-1 V2.0 assay using the cobas® Ampliprep and Taqman 48 systems. 10 fold 

dilutions to 10
-5

 of the inactivated material were assessed. 
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Freeze-drying 

 
This was undertaken at the Centre for Biological Reference Materials (CBRM), NIBSC, Potters 

Bar, UK, during summer 2016. The filled material consisted of heat-inactivated HIV-1 subtype 

B primary isolate diluted in pooled citrate human plasma that had previously been tested and 

found negative for HBsAg, HIV antibody and HCV RNA by PCR. The following candidate 

preparation was freeze-dried: 
 

 Candidate HIV-1 4
th

 International Standard: NIBSC Code: 16/194 

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 12 m², Serail, Arguenteil, France) through a ‘pizza door’ arrangement to maintain 

integrity of the operation. The bulk material was kept at ambient temperature throughout filling 

process with the temperature within the isolator being set at 18⁰C, and mixed continuously using 

a magnetic stirrer. The bulk material was dispensed into 5 mL screw cap glass vials in 1 mL 

volumes, using a Bausch & Strobel (Ilshofen, Germany) filling machine FVF5060. The 

homogeneity of the fill was determined by on-line check-weighting of the wet weight, and vials 

outside the defined specification were discarded. Filled vials were partially stoppered with 

bromobutyl 14mm diameter cruciform closures and lyophilized in a CS150 freeze dryer. Vials 

were loaded onto the shelves at 4 ⁰C, the shelf temperature was then dropped over 90 minutes to 

-50⁰C and held at this temperature for 2 hours. A vacuum was applied to 200 µb over 1 hour, 

followed by a ramping to 100 µb over 1 hour. The temperature was then raised to -15 ⁰C over 1 

hour, and the vacuum maintained at this temperature for 30 hours. The shelves were ramped to 

25 ⁰C over 10 hours and the vacuum applied to 30µb, this was held for 20 hours before releasing 

the vacuum and back-filling the vials with nitrogen. 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 ⁰C at NIBSC under continuous 

temperature monitoring for the lifetime of the product (NIBSC to act as custodian and worldwide 

distributor). 

 

Post-fill testing 

 
9235 vials were prepared; any residual bulk material was decontaminated and discarded.  

Assessment of residual moisture and oxygen content, as an indicator of vial integrity after 

sealing were determined for twelve randomly selected vials of the freeze-dried product. Residual 

moisture was determined by non-invasive near-infrared (NIR) spectroscopy (MCT 600P, Process 

Sensors, Corby, UK). NIR results were then correlated to Karl Fischer method using a non-

infectious material dried on the same cycle to give % w/w moisture readings. Oxygen content 

was measured using a non-invasive laser Infra-Red Analyser (FMS-760, Lighthouse Instruments, 

Charlottesville, VA, USA). The CV of fill mass and mean residual moisture was within WHO 

acceptable limits [7], details can be found in table 1.  
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End product stability studies 

 
Accelerated degradation studies have commenced at the NIBSC, a number of vials are stored at a 

range of temperatures (as illustrated in table 2).Samples are removed from the storage 

temperature and tested at 6, 12, 24, 36 and 48 months. Samples are tested using the Roche 

CAP/CTM HIV-1 test V2.0 Cobas® Ampliprep/Taqman where possible data is assessed using 

the Arrhenius equation whereby loss of potency at higher temperatures is used to predict long 

term titre loss when stored at -20
0
C to give an estimation of loss in potency overtime.  

 

Design of Collaborative Study (NIBSC Code: CS5584) 
 

Samples 

 
The study consisted of six samples, including two lyophilised preparations (the candidate and 

current 3
rd

 International Standard for HIV-1 RNA) and four liquid preparations. These included a 

liquid pre lyophilisation sample of the candidate material, two low titre working reagents and a 

single donation positive plasma sample to perform a limited commutability assessment.  

 

All samples were shipped on dry ice, with the receiving laboratory instructed to store lyophilised 

samples at -20
0
C and liquid preparations at -80

0
C. Samples were anonymized and labelled A – F 

as detailed in table 3. 

 

Study Design 

 
This study was designed to assess the suitability of a candidate HIV-1 RNA lyophilised 

preparation (16/194). The material was evaluated in parallel with the current WHO 3
rd

 

International Standard for HIV-1 RNA (NIBSC code 10/152) to allow a relative potency 

assignment. In addition the study also included two low titre working reagents; these were 

evaluated to allow a relative potency to be assigned. Lastly with the addition of a clinical sample, 

commutability of a laboratory cultured primary isolate can be accessed against a confirmed HIV-

1 NAT positive single donation plasma sample. 

  

Participants 
 

Twenty one laboratories from ten countries were invited to take part in the collaborative study, 

laboratory details are shown in Appendix 1. Participants were selected based on the previous 

collaborative study work with the NIBSC and their distribution globally where a number of 

assay methods are represented. These included a number of manufacturers of in-vitro diagnostic 

devices (IVD’s), control and reference laboratories and blood transfusion centres. The study was 

anonymized, each participant was allocated a random number code, in cases where a laboratory 

performed a second assay the data was analyzed independently; this data was differentiated 

further with a letter code i.e. Lab 1A, 1B etc.  Laboratory codes associated with different assays 

are shown in table 4. 

 

Study Protocol 

 
Participants were instructed to test samples A – F in their routine HIV-1 RNA NAT-based assay 

system in 3 independent runs (Appendix 2). Where methods required an initial input volume 

>1mL participants were sent additional vials and instructed to combine vials before making 



WHO/BS/2017.2314 

Page 7 
 

subsequent dilutions where necessary. Freeze dried samples A & B were reconstituted in 1mL of 

deionized, nuclease-free molecular grade water and left for at least 20 minutes with occasional 

agitation before use. Dilutions were made in the matrix routinely used in that laboratory. All 

samples were extracted before amplification. 

 

For quantitative assays: 

Participants were requested to assay samples A, B & D at four tenfold serial dilutions (neat to 

10⁻⁴) in order to estimate the concentration of the material at each dilution. Samples C, E & F 

were to be tested neat only. 

 

For qualitative assays: 

Participants were requested to initially test all samples neat and at four tenfold serial dilutions as 

describe above (for A, B & D); only for qualitative assays a HIV-1 end point was to be 

determined. Using the end point information pre-determined in the first assay, participants were 

the requested to perform two further assays a minimum of two half logs dilutions either side of 

the predetermined end point. 

 

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 give a number 

positive out of a total number tested at each dilution step. A single ‘end–point’ for each such 

dilution series was calculated using the method of maximum likelihood for dilution assays. This 

model assumes that the probability of a positive result at a given dilution follows a Poisson 

distribution (with mean given by the expected number of ‘copies’ in the sample tested), and that 

a single ‘copy’ will result in a positive result. The only factor affecting the proportion of positive 

results is thus assumed to be the diluting out of the sample in the dilution series. The calculations 

were carried out using the statistical package SAS. The estimated end–point is equivalent to the 

dilution at which there is an average of a single copy per sample tested, or the dilution at which 

63% of samples tested are positive. The calculated end–point is used to give an estimated ‘copies 

per mL’ after correcting for equivalent volume of the test sample. No correction is made for 

transcription efficiency, however, and the estimates (referred to as ‘NAT detectable units/mL’), 

are not necessarily directly equivalent to a genuine copy number or genome equivalence number 

[8]. In cases where duplicates have been reported in an assay, they have been treated as if from 

independent assays. For example, a lab reporting ‘++’ in each of four assays would be taken to 

have a proportion of 8/8 positive overall. Where a single test was reported as +/– it was treated as 

positive.  
 

In the case of quantitative assays, relative potencies were estimated using a parallel line model 

with untransformed or log transformed Ct values as responses [9]. Calculations were performed 

using the EDQM software CombiStats Version 5.0 [10]. Model fit was assessed visually and 

non-parallelism was assessed by calculation of the ratio of fitted slopes for the test and reference 

samples under consideration. The samples were concluded to be non-parallel when the slope 

ratio was outside of the range 0.80 – 1.25 and no estimates are reported in these cases. Potency 

estimates were expressed as log10 IU/mL and these estimates from all valid assays were 

combined to generate an arithmetic mean in log10 IU/mL for each laboratory and assay type. 

Overall results are also reported based on the results supplied by the participants for neat sample 

only, reported as copies/mL or IU/mL. For each assay run, a single estimate of log10 copies/mL 

or IU/mL was obtained for each sample by taking the value from the neat dilution. A single 
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estimate for the laboratory and assay method was then calculated as the mean of the log10 

estimates of these values across assay runs. 

 

Overall analysis was based on the log10 estimates of copies/mL or IU/mL or ‘log10 NAT 

detectable units/mL’, as required. Overall mean estimates were calculated as the means of all 

individual laboratories. Variation between laboratories (inter-laboratory) was expressed as 

standard deviations (SD) of the log10 estimates and % geometric coefficient of variation (GCV = 

{10
s
-1}×100% where s is the standard deviation of the log10 transformed estimates) of the actual 

estimates. Variation within laboratories and between assays (intra-laboratory) was expressed as 

standard deviations of the log10 estimates and %GCVs of the individual assay mean estimates. 

 

Relative potencies were calculated as the difference in estimated Log10 ‘units per mL’ (test 

sample – standard), plus an assigned value in International Units/mL (IU/mL) for the standard 

where appropriate. 

 

 

Results and data analysis 

 
Validation of study samples and stability assessment 

 
Production data for sample A, candidate standard (NIBSC code 16/194) can be seen in table 1 

whereby the residual moisture and oxygen and CV values were within the acceptable limits for a 

WHO International Standard. 

 

To date only a 6 month time point for accelerated degradation is available; subsequent time 

points will be assayed at 12, 24 and 36 months (and beyond if necessary) with the predicted loss 

estimation improving with additional time points. 
 

Accelerated degradation data is based on an average of 2 replicates (except +45⁰C sample) 

suggesting an estimated loss in potency of 0.27% at -20⁰C per year. It should be noted that the 

samples stored at +45⁰C were difficult to reconstitute as were samples stored at +37⁰C from here 

in. 

 

The in-use stability of candidate A when reconstituted has not been specifically determined. 

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

 

Efficacy of heat inactivation 

 
Heat inactivated and non-inoculated cultures remained negative for the detection of p24 antigen 

throughout the 28 day test period, in addition no cytopathic effect (CPE) was observed. In 

contrast the cultures inoculated with non-heat inactivated HIV-1 showed signs of viral 

replication by elevated levels of p24 antigen within 3 days of infection. CPE was observed after 

7 days in the neat cultures and dilutions of 10
-1

. At 28 days all live cultures showed elevated p24 

antigen readings in the neat, 10
-1

 and 10
-2

. There was also sporadic detection at 10
-4 

in one 

replicate 

 

The quantification of viral RNA post heat inactivation gave an estimated titre of 7.752 Log10 

copies (8.1 Log10 IU/mL) for the candidate stock virus. 
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Data received 

 
A total of twenty-one laboratories returned data for this study with two of these laboratories 

opting to test in additional assay systems, giving a total of twenty-three data sets. Fifteen 

different NAT assay systems were used; 11 (73%) of which were quantitative assays (one in-

house) whereas the remaining four were qualitative (one in-house). For the preparations of 

dilutions all laboratories used negative human plasma, with laboratory 12A using whole blood. 

No data sets were excluded.  

 

Quantitative Assays: 

Data were returned with dilutions ranging from neat to 10
-4

 from different laboratories, data for 

neat only was used in the analysis of mean potency estimates (table 6 and 6a), whereas all 

dilutions  within the limit of detection were checked for linearity. Overall linearity was good, 

with only laboratory 16 demonstrating non linearity with replicates in their third dataset for 

sample D and laboratory 19 demonstrated sporadic, non-linearity in two different tests, once for 

sample B and the other for sample D.  

 

Qualitative Assays: 

Laboratories returned data over a range of dilutions from neat to 10
-5

.  Data points from all 

dilutions were used to give a mean estimate in Log10 NAT detectable units. Data is shown in 

table 6 and 6a. The Log10 NAT detectable units were lower across all qualitative assays with a 

mean of 3.76 Log10 NAT detectable units vs 4.73 copies/IU/ml for sample A (Candidate) in the 

quantitative assays. Higher GCV’s were also observed, these were highest in the candidate 

material and current IS.  
 

 

Summary of assay methodologies 

 
A large number of different assay systems were used in this study (15). Assay methodologies are 

summarized in table 5. 

 

Estimated IU/mL & copies/mL or NAT detectable unit/mL 

 
The mean estimates from laboratories reporting data using qualitative (Log10 NAT detectable 

units) and quantitative (IU/mL, and copies/mL) assays are summarised in table 6. SD and % 

GCV are also shown with separate values for quantitative and qualitative and combined data 

sets. Table 6a summarises this data with the exclusion of 12A. 

 

A graphical representation of table 6 is illustrated using histograms through figures 1 – 6. Each 

box represents a mean estimate for the specified laboratory code. These units are not 

interchangeable and shaded appropriately to differentiate the units reported. 

 

Data sets for all samples show a similar profile, whereby two separate groups of data are 

observed. Laboratory 12A however sits as an outlier underestimating for samples A – E and not 

detecting sample F (see below). Across the data sets it is noted that there was a mix in the units 

reported, with some assays reporting in IU/mL, copies/mL, ct values and one using a signal/CO 

(which is used to determine a positive or negative result). 

 

The candidate material (sample A), the current International Standard (sample B) and the liquid 

candidate (sample C), all demonstrated similar agreement (figures 1 to 3 respectively), with the 

overall mean combined estimates being 4.45, 4.61 and 4.76 Log10 (all units) respectively. All 
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qualitative data (except 12A) and 4 laboratories reporting quantitative values formed one group, 

at approximately 4 Log10 copies/IU/mL. The quantitative assays observed to be grouped with the 

qualitative data set were reported by laboratories 2, 19, 20, & 21, all of which were using the 

Siemens Versant HIV RNA 1.5 KPCR assay. The second data group comprised quantitative data 

only, reporting approximately 5 Log10 copies/IU/mL. SD values for quantitative assays were 

similar across all three materials, 0.43, 0.44 and 0.38 (A, B and C) respectively. Qualitative data 

values give slightly higher results but still ranging from 0.62 to 0.79. GCV’s were markedly 

higher in qualitative data sets (313% to 519%) than in quantitative (142% to 173%). 

 

Raw estimates for sample D, a clinical isolate, are represented in figure 4. As described with the 

candidate material, two distinct data sets are observed, with 12A sitting as an outlier. However 

the data sets for the Siemens Versant HIV RNA 1.5 KPCR assay now fall in line with other 

quantitative assays. SD’s values were slightly lower than those seen with samples A-C (0.23 for 

quantitative and 0.52 for qualitative assays). GCV values for the quantitative data set were 

noticeably lower at 68% compared to 169% for the quantitative data set for sample A. This 

material was a live preparation and one laboratory (Lab 3) was unable to receive it due to 

internal restrictions on handling the pathogen. 

 

Samples E & F, were low titre material designed to give a value in the range of 2.5 and 1.5 Log10 

IU/mL respectively. Sample E was not tested by one laboratory; all other laboratories tested the 

sample and returned a valid data set. However sample F was not tested by one and not detected 

by four laboratories. Sample F was reported as below the limit of quantification for laboratory 4 

using the Aptima HIV-1 Quant Dx Assay. No value could be determined from the data set 

provided by laboratory 8 using an in house assay. In both samples, shown, in figures 10 and 11, a 

greater distribution of data is observed, spanning nearly 3 Log10.  

 

Samples A – F repeatedly showed one laboratory, 12A, using the Cepheid AB Xpert HIV-1 

Qual. assay reporting outlying data and appears to under quantify compared to other assays. 

Values reported were typically 1 and 2 Log10 lower than the mean values for qualitative and 

quantitative data sets respectively. The mean estimate of potency for the candidate sample A in 

this assay was 2.60 Log10 NAT detectable units compared to the overall mean value of 

qualitative assays being 3.76 Log10 NAT detectable units; with quantitative assays giving an 

average of 4.73 Log10 copies/mL and IU/mL. The laboratory reported using whole blood as a 

dilution diluent following reconstitution.  

 

Limited data analysis was possible for Laboratory 17, using the Roche CAP/CTM HIV-1 test 

V2.0 Cobas® Ampliprep/Taqman and Cobas® HIV-1 6800/8800 system as no data was reported 

for the neat sample.  

 

Data was also calculated excluding the data set from laboratory 12A to understand the extent to 

which the results were skewed by the observed outlier. This is shown in table 6a, as expected 

there was an improvement in SD and GCV values across all qualitative assays. However the 

difference in the combined mean potency estimate was not significantly changed, giving a value 

of 4.45 Log10 across all units (IU/copies/NAT detectable units) with the data set included and 

4.54 Log10 (all units) without. Mean potencies and mean relative potency values were calculated 

these are shown in tables 6a and 7a respectively; with relative potencies also showing only a 

small change for Sample A (5.10 Log10IU/ml vs 5.08 Log10IU/ml without). 
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Potencies relative to the 3
rd

 International Standard for HIV-1 RNA (10/152 – 

Sample B) 
Relative mean potency estimates for qualitative assays were calculated from the individual 

laboratory mean estimates, whereas as quantitative assays were calculated by parallel line 

analysis. These are shown in table 7, with qualitative assays shaded in red. All values are 

expressed in Log10 IU/mL. Relative potency values for the candidate material, sample A ranged 

from 4.89 – 5.77, with an overall combined potency estimate of 5.10 Log10 IU/mL.  

 

Samples A and C (figures 7 & 8) generally show very good agreement. More specifically the 

candidate material (sample A) which would be expected; with sample C being an identical 

formulation. Very low SD values of 0.06 & 0.11 (quantitative) and 0.43 and 0.35 (qualitative) 

respectively also support these observations. Sample C showed slightly higher values than 

sample A, a reflection of potency loss during the freeze drying process as was observed in the 

raw estimates. There was a distinct grouping of 4 laboratories whereby data shows an over 

quantification, these were represented by the Cepheid AB Xpert HIV-1 Qual. assay, the Procleix 

Panther Ultrio Elite Assay (Grifols/Hologic) and three laboratories using the Roche cobas® 

MPX Test, V2.0 cobas® Ampliprep/S201. In the case of the Procleix and the Cepheid assay, no 

other laboratory reported data from these assays, however labs 6, 11 and 18, all using the Roche 

cobas® MPX Test, V2.0 Cobas® Ampliprep/S201, gave different values on opposing sides of 

the main consensus; with lab 6 under reporting vs labs 11 and 18 over reporting. 

 

As calculated mean values may be biased by outliers or over-representation of particular assay 

methods, these were also calculated as Huber’s robust mean as well as weighted by assay 

method. The values shown in table 8 demonstrate the minimal effect of the alternative 

calculation methods. None of them is more than 0.07 Log10 IU/mL different to the proposed 

value. 

 

Sample D (clinical sample), as illustrated in figure 9 and the inter-lab GCV of 124% in 

quantitative assays, did not show the harmonisation that was evident for samples A and C. In 

particular, one laboratory (lab 6) using the Roche cobas® MPX Test, V2.0 cobas® 

Ampliprep/S201 showed an under quantification, with a relative potency estimate of 3.40 Log10 

IU/mL. Data reported by laboratory 12A using the Cepheid AB Xpert HIV-1 Qual. was seen to 

express an over quantification as observed with the other samples assessed, whilst four 

laboratories all using the Siemens Healthcare Versant HIV RNA 1.5 KPCR assays also reported 

a higher relative potency of 4.93 to 4.98 Log10 IU/mL, more than 0.5 Log10 IU/mL higher than 

the median value for this sample taken across all laboratories. In contrast the mean relative 

potency of all other quantitative assays is 4.43 Log10 IU/mL, with a reduced inter-laboratory 

GCV of 56%.  

 

Samples E and F were both highly dilute liquid equivalents of the candidate (sample A) and 

should therefore be in good agreement. However both are outside the range of the standard 

curve, reducing the confidence in the estimated relative potencies through extrapolation. It also 

appears that these samples in many cases are either at the bottom of the linear range of just 

outside of it. Sample E showed better agreement than sample F (figures 10 & 11). 

 

Inter and Intra-laboratory variation 

 
For all samples, the inter-laboratory variation was greater than the intra-laboratory variation, 

even where two laboratories were reporting data from the same assay. Table 9 shows the inter-

laboratory variation for potency relative to the candidate standard Log10 IU/mL for quantitative 
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assays. SD’s and GCV are low for the candidate materials (0.06 and 14%) and the corresponding 

liquid material (0.11 and 26%) highlighting the harmonisation achieved.  

 

Table 10 shows the intra-laboratory SDs and %GCVs for quantitative results for the candidate 

sample. The repeatability of laboratory estimates across all assays is very good; for the candidate 

(sample A) SD’s ranged from 0.01 to 0.10 with %GCVs ranging from 1 to 26%  There is no 

trend identified between those assays which have originally reported in copies/mL and those that 

reported in IU/mL. 

 

The ‘NAT detectable units’ from the qualitative assays are obtained by pooling all assay data to 

give a single series of number positive out of number tested at each dilution. As a result, there is 

no comparable analysis of intra-assay variation for the qualitative assay. 

 

Discussion  

 
A range of assays have been assessed in this study to evaluate the suitability of the candidate 

standard, sample A, to act as a replacement 4
th 

WHO IS HIV-1 RNA. A total of 15 different 

assays contributed data, of these, 12 were represented for the first time. These new assays were 

all from a commercial origin, highlighting the large variety of HIV-1 NAT assays now available 

and the understanding by manufactures of the importance of their assay contributing the relative 

potency assignment of an International Standard. There was also excellent agreement between 

these assays when the candidate sample was expressed as a relative potency to the current 

International Standard, indicating that despite a number of manufacturers who have not 

previously taken part in a study of this nature, manufactures are aware and engaged with the 

need for calibration to an International Standard; during their validation and verification 

processes. However, as discussed below there is a need for greater clarity as to how this is 

carried out.  

 

When assessing relative potency, 4 data sets fell outside of the main consensus, all of which 

were qualitative; there is obviously greater inherent variability in qualitative assays, both in the 

application of the study protocol requiring multiple dilutions to establish an end point and in the 

statistical analysis. In addition, where assays have been performed by a single laboratory it is not 

possible to understand from this data set whether the apparent difference in the calculated 

quantification to the mean is true reflection of the assays performance. Such is the case with the 

data sets for the Procleix Panther Ultrio Elite Assay (Lab 3) and Cepheid AB Xpert HIV-1 Qual. 

(Lab 12A). 

 

The International Standard for HIV-1 RNA has been available for 17 years; however, a mix in 

reported units was still observed. The limited adoption of IU values across the HIV NAT field is 

known and indeed guidelines for the treatment and monitoring of HIV are frequently still quoted 

in copies/mL [11, 12]. It was noted that only 2 data sets were reported in IU/mL based on the 

output format of the assay (Qiagen Artus HI Virus-1 QS-RGQ Kit and Altona Diagnostics 

AltoStar HIV RT-PCR Kit 1.5). CE marked assays such as Aptima HIV-1 Quant Dx and 

BioMerieux NucliSENS easyQ HIV-1 v2.0 either provided a conversion factor or simply gave 

the flexibility to report in either copies/mL or IU/mL. However the continued provision to report 

by default in copies/mL does not facilitate harmonisation across assays. This can lead to 

confusion, with the belief that the data generated from one assay type where a conversion is 

applied is comparable to a different assay, where a different conversion may be used. One 

laboratory (Lab 14) reported data as both copies/mL and IU/mL, however it was ascertained that 

this laboratory had ‘converted’ copies/mL data to IU/mL, using a conversion factor supplied by 
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the manufacturer; data analysis was carried out on the reported copies/mL values.  Additionally 

it should be noted that where manufactures do reference a conversion factor or calibration, these 

are not always directed to the most recent standard (BioMerieux NucliSENS easyQ HIV-1 v2.0 

kit insert references calibration to the 2nd IS HIV-1 RNA). 

 

Laboratory 12A reported performing testing in whole blood using the Cepheid AB Xpert HIV-1 

Qual. From the estimated potency data (figures 1 – 5), a significantly lower reported value is 

observed when compared to other methods, including the quantitative Cepheid AB Xpert HIV-1 

Viral Load assay (12B), which uses plasma rather than whole blood. A test method that utilizes 

whole blood as the preferred diluent has not previously been used in a collaborative study to 

assess a candidate material for HIV-1 RNA. Historically all HIV NAT assays have been 

optimized for a plasma matrix, hence the formulation of the candidate material for this and the 

previous HIV-1 RNA IS’s comprise lyophilised plasma. The methodology employed by Lab12A 

is not clear; whilst sample dilutions were stated as being carried out in whole blood, the 

composition of the sample reported as neat therefore should have been 100% plasma. 

Clarification has been sought, but the question remains, was the neat a reconstituted sample, 

extracted as a plasma sample in an assay designed for whole blood, or was the reconstituted 

sample further diluted in whole blood and the reported data is a subsequence of that dilution? 

From the mean estimated potencies reported for this assay there is a suggestion that assays, if 

incorrectly calibrated to plasma based international standard, may quantify incorrectly; however 

when expressed as a relative potency the large under quantification is reduced and the assay was 

observed to show a slight over quantification. This suggests that some calibration has been 

carried out by the manufacturer, but discrepancies in the methodology of dilutions vs neat 

samples may have contributed to the relative potency lacking the agreement seen in other assays. 

 

It was noted in participant comments that formulation of the International Standard for HIV-1 

RNA in citrate plasma may not be suited for all assay systems, where most are solely validated 

for the use of EDTA human plasma. The International Standard has been formulated in citrate 

human plasma in this and previous standards. Human plasma collected in this way is plentiful; a 

large volume of plasma can be requested from the National Blood Service (NBS) from the 

minimum number of donors. EDTA human plasma by comparison is difficult to obtain in such 

large quantities, where patient samples are collected in vacutainers of 1mL. This would not only 

be unethical but also logistically challenging, with a much larger number of individually pooled 

samples and testing required to ensure the diluent was suitable for use. 

 

A commutability sample (D) was included for the first time. Whilst it is accepted that this is a 

limited study it does allow some comparison and has highlighted some key points of interest. 

Firstly the estimated potencies for the samples were in relatively good agreement amongst 

methods (figure 4), with there being two distinct data groups for qualitative and quantitative 

assays (excluding Laboratory 12A), as discussed this was also observed for the other study 

materials. However relative potency estimates (figure 9) show a larger data spread with values 

from qualitative and quantitative methods intertwined. Interestingly, 1 laboratory out of 3 (6 vs. 

11 and 18) show a 1 Log10 difference in estimated potency when using the same assay (Roche 

cobas® MPX Test, V2.0 cobas® Ampliprep/S201).  

 

Sample D comprised a plasma pack extract from a routine blood donation, excluded from 

transfusion use due to HIV-1 positivity. Information on the donor is prohibited under local 

ethical agreements; however sequencing data is pending to understand whether any genetic 

variations have contributed to the differences observed. It has previously been documented that 

the use of different anticoagulants can lead to viral load differences in HIV NAT assays, [13] 

however the candidate material has been diluted in pooled human plasma from routine blood 
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donation packs which used the same anticoagulant (Acid Citrate Dextrose) as was used for the 

collection of this sample. Relative potency of sample D expressed against sample B does not 

improve harmonisation between the majority of laboratories that is seen for samples A and C;  

however, differences are not as marked as those seen in other studies whereby some materials 

have demonstrated a complete lack of harmonizing ability [14]. It is noted that all laboratories 

(2,19,20 and 21) using the Siemens Healthcare Versant HIV RNA 1.5 KPCR report a higher 

relative potency for this sample than other quantitative assays, interestingly this is not observed 

with the candidate or current standard, in which the data from this assays is consistent with all 

other quantitative assays;  these data suggest that the proposed 4
th

 IS is not commutable with this 

particular clinical sample between the Siemens assays and the majority of other assay methods 

performed in the study. However as outlined below this is a limited study and the reasons for the 

differences highlighted above require further investigation;  however, it is acknowledged that the 

Siemens Healthcare Versant HIV RNA 1.5 KPCR assay has been calibrated to the 2
nd

 HIV-1 

RNA IS and not the 3
rd

; with this mind the continuity of the IU across multiple batches of IS is 

supported. 

 

The addition of only one patient sample does limit the conclusions that can be drawn on 

commutability; to understand this further a larger study with multiple clinical samples would be 

needed. A pragmatic approach to commutability assessment must be undertaken when designing 

studies to evaluate a new or replacement International Standard. Participating laboratories 

volunteer to take part; no financial compensation can be offered, therefore to present the 

laboratory with large number of samples to test would not be practical. In addition the sourcing 

of multiple clinical samples also presents a problem. Samples must either be of sufficient volume 

to aliquot directly, this is the most ideal scenario as it remains a ‘true’ patient material; 

alternatively a high titre material of limited volume can be spiked into negative human plasma, 

although the manipulation of the sample causes deviation away from the original patient 

material. Ethical consideration must be adhered to in both scenarios. Thus, whilst it is desirable 

to include 50-100 clinical samples in a commutability study, in practice this is very difficult. 

Retrospective studies have been conducted on some established International Standards in 

conjunction with a routine diagnostic laboratory to understand commutability further [15]. 

 

The candidate material was prepared from the same viral stocks as the previous two batches of 

WHO IS HIV-1 RNA (NIBSC codes 99/650 and 10/152). To facilitate the safer handling and 

transportation of this standard, as with 10/152 this material was heat inactivated. This, combined 

with improved lyophilisation facilities at NIBSC has enabled a larger batch of material to be 

produced (>9000 vials), using usage records from the previous standards, whereby ~350 vials are 

dispatched/year, this replacement material if supplied as a whole batch should last > 20 years. 

This is achievable where tissue culture is permissible and large volumes of high titre stocks can 

be generated. International Standards, otherwise known as international calibrators, should only 

be used for the calibration of secondary reference materials [16]. The misuse of International 

Standards is known amongst the WHO and the collaborating centres; ensuring laboratories use 

the international standards for their intended purpose is achieved in part by the restriction of the 

number of vials that can be requested annually. Recently, the WHO published guidelines on the 

development of secondary reference materials [17] and users that now request more than 5 

vials/year are directed to this document; they are also required to provide an end user statement 

outlining their need for larger numbers of materials. 

 

At the NIBSC annual meeting of Standardisation of Genomic Amplification Techniques and 

Serology (SoGATS) there is frequently discussion amongst the manufacturing community of the 

calibration work load created when a new IS is produced, drift from one IS to another is often 

discussed. Ideally replacement standards should always be calibrated against the 1
st
 preparation 
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and not the preceding batch which is commonly the case due to exhausted stocks of earlier 

batches, as is the case for the 1
st
 HIV-1 RNA IS. With these considerations in mind the question 

of allocation is raised. 9235 vials of this material have been produced, this is the largest batch of 

the HIV-1 RNA IS ever to be made and the batch could feasibly be proportioned in a way that 

would allow the provision of a large batch of secondary material, a batch of primary material that 

would last 10-15 years and sufficient vials archived solely for the purpose of the evaluation of a 

replacement standard to minimize any potential drift in the value of the IU. 

 

Accelerated degradation studies are ongoing; however from the data generated to date, they 

support the stability of this material to be shipped at ambient temperatures and the long term 

storage at -20
0
C. As has been seen in previous standards derived from human plasma [2, 3, 18] 

reconstitution at elevated temperatures (+37, +45) becomes difficult, with the plasma becoming 

gelatinous, it is therefore difficult to ascertain whether the reduction in titre is due to inefficient 

reconstitution, assay inhibition or a genuine lost due to the elevated temperature. 

 

 

Conclusions 

 
Suitability of the candidate material, sample A, to serve as a replacement International Standard 

for HIV-1 RNA has been demonstrated in this study. The material, derived from a patient and 

further propagated through PBMCS prior to spiking into negative human plasma, acts as a 

suitable commutable material to patient plasma. The material is designed for use with assays that 

are validated for the extraction and amplification of HIV-1 RNA positive materials that are in a 

plasma matrix. The understanding of the performance of this material in other matrices is limited 

and the harmonisation of one assay used in this study should not lead to the assumption that all 

assays using whole blood will perform in a similar way. 

 

 

Proposal 

 
It is proposed that  candidate standard A assessed in this study - NIBSC code 16/194, is 

established as the 4
th

 WHO International Standard for HIV-1 RNA for use in NAT-based assays 

(qualitative and quantitative), with an assigned potency of 125,893IU/mL (~5.10 Log10 IU/mL) 

when reconstituted in 1.0 mL of nuclease-free water. The proposed standard is intended to be 

used by IVD manufacturers, blood transfusion centres, control authorities, and clinical 

laboratories, to calibrate secondary reference materials used in HIV-1 NAT assays. Proposed 

Instructions for Use (IFU) for the product are included in Appendix 3. 

 

 

Comments from Participants 
 

This report has been circulated to all participants with eleven of the twenty-one participants 

returning comments; these included a number of minor changes and corrections to the text. Four 

participants requested further clarification on detail of the statistical analysis where this was not 

clear. One participant suggested the unit assignment exclude 12A based on the diluent used in 

this assay. Corrections were made to two participant’s data sets, where dilutions were incorrectly 

specified or errors in the calculated values were discovered. Lastly; one participant asked for 

clarification as to the correct use of the material which required an update of the proposed IFU, 
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and suggested that the data from the Siemens assays were not commutable; data has been 

assessed further and the report has been revised. There were no proposals to suggest this material 

is not suitable for establishment as the 4
th

 IS for HIV-1 RNA.  
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Table 1: Candidate A, production summary 

 

NIBSC Code 16/194 

No Vials filled 9235 

Mean fill mass (g) 1.0068 

CV of fill mass (%) 0.2378 

Mean oxygen head space (%) 1.22 

Mean residual moisture (%) 0.4276 

 

 

 

Table 2: 6 months accelerated degradation data 
 
 Candidate 16/194 (Log10/IU) 

Temperature (⁰C) -20 +4 +20 +37 +45 

6 months 5.106 5.130 5.017 4.832 *4.534 

 
*A single +45⁰C sample was reconstituted in 1mL of deionised water; then diluted 1:2 in human plasma in order to reconstitute 

the sample and test. The calculated value is the predicted potency neat. 

 

 

Table 3: Collaborative study samples 
 

Study code Sample type Appearance Vial type 

Sample A Candidate standard Lyophilised  5mL screw cap 

Sample B 3
rd

 HIV-1 NAT IS Lyophilised 5mL screw cap 

 

Sample C Candidate pre 

lyophilisation bulk 

stock 

Frozen Liquid 2mL Sarstedt 

Sample D Single donation 

HIV-1 positive 

human plasma 

Frozen liquid 2mL Sarstedt 

Sample E Low titre working 

reagent 

Frozen liquid 2mL Sarstedt 

Sample F Low titre working 

reagent 

Frozen liquid 2mL Sarstedt 
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Table 4: Assays used by different laboratories 

 
Lab Code Assay 

1 Qiagen artus HI Virus-1 QS-RGQ Kit 

2 Siemens Healthcare Versant HIV RNA 1.5 kPCR 

3 Procleix Panther Ultrio Elite Assay (Grifols/Hologic) 

4 Hologic Aptima HIV-1 Quant Dx Assay 

6 Roche cobas® MPX Test, V2.0 cobas® Ampliprep/S201 

7 Roche CAP/CTM HIV-1 test V2.0 cobas® Ampliprep/Taqman 

8 In-House Real-Time RT-PCR Method 

9 Hologic Aptima HIV-1 Quant Dx Assay 

10 Roche cobas® HIV-1 6800/8800 system 

11 Roche cobas® MPX Test, V2.0 cobas® Ampliprep/S201 

12A Cepheid AB Xpert HIV-1 Qual. 

12B Cepheid AB Xpert HIV-1 Viral Load 

13 Altona Diagnostics AltoStar HIV RT-PCR Kit 1.5 

14 BioMerieux NucliSENS easyQ HIV-1 v2.0 

15 Abbott RealTime HIV-1 Assay 

16 Beckmen Coulter DxN VERIS HIV-1 Assay 

17A Roche cobas® HIV-1 6800/8800 system  

17B Roche CAP/CTM HIV-1 test V2.0 cobas® Ampliprep/Taqman  

18 Roche cobas® MPX Test, V2.0 cobas® Ampliprep/S201 

19 Siemens Healthcare Versant HIV RNA 1.5 KPCR 

20 Siemens Healthcare Versant HIV RNA 1.5 KPCR 

21 Siemens Healthcare Versant HIV RNA 1.5 KPCR 

22 In-House Confirmatory PCR Kit HIV-1 
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Table 5: Collaborative study assay methods 

 
Assay No. of Data Sets Target region(s) 

Quantitative assays 

Qiagen artus HI Virus-1 QS-RGQ Kit 1 Not stated 

Hologic Aptima HIV-1 Quant Dx Assay 2 POL, LTR 

Roche CAP/CTM HIV-1 test V2.0 cobas® 

Ampliprep/Taqman 
2 GAG, LTR 

In-House Real-Time RT-PCR Method 1 GAG 

Roche cobas® HIV-1 6800/8800 system 2 GAG, LTR 

Cepheid AB Xpert HIV-1 Viral Load 1 Not stated 

Altona Diagnostics AltoStar HIV RT-PCR Kit 1.5 1 Not stated 

BioMerieux NucliSENS easyQ HIV 1 v2.0 1 GAG 

Abbott RealTime HIV-1 Assay 1 Pol (integrase) 

Beckmen Coulter DxN VERIS HIV-1 Assay 1 Not stated 

Siemens Healthcare Versant HIV RNA 1.5 KPCR 4 POL (integrase) 

Qualitative assays 

In-House Confirmatory PCR Kit HIV-1 1 GAG, POL, LTR 

Procleix Panther Ultrio Elite Assay (Grifols/Hologic) 1 Not stated 

Roche Taqman MPX Test, V2.0 cobas® 

Ampliprep/S201 
3 GAG 

Cepheid AB  Xpert HIV-1 Qual. 1 Not stated 
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Table 6: Laboratory mean reported potency estimates (in Log10 IU/mL or 

Log10 copies (cp)/mL from neat samples in quantitative assays and Log10 

NAT-detectable units in qualitative assays) 

 
Lab Method Unit A B C D E F 

1 Quantitative Log10 IU/ml 5.24 5.45 5.50 4.38 2.74 1.86 

2 Quantitative Log10 cp/ml 3.99 4.27 4.49 3.99 1.25 1.27 

3 Qualitative Log10 NAT 4.06 3.69 3.93  0.93 0.57 

4 Quantitative Log10 cp/ml 4.98 5.20 5.22 4.30 2.00 n/a
2
 

6 Qualitative Log10 NAT 4.16 4.68 4.40 2.81 0.96 0.14 

7 Quantitative Log10 cp/ml 5.01 5.29 5.14 4.12 2.25 1.63 

8 Quantitative Log10 cp/ml 5.24 5.41 5.61 4.67 2.86 n/a
3
 

9 Quantitative Log10 cp/ml 4.89 5.22 5.18 4.36 1.95 1.86 

10 Quantitative Log10 cp/ml 4.85 5.22 5.10 4.05 2.04 1.63 

11 Qualitative Log10 NAT 4.23 3.73 4.31 2.93 1.17 0.91 

12A Qualitative Log10 NAT 2.60 2.24 2.73 1.70 0.06  

12B Quantitative Log10 cp/ml 4.82 5.16 5.13 4.13 2.16 1.71 

13 Quantitative Log10 IU/ml 4.90 5.15 5.24 4.40 2.40 1.74 

14 Quantitative Log10 cp/ml 4.82 5.04 4.99 3.82 2.24 1.97 

15 Quantitative Log10 cp/ml 4.70 4.94 4.97 4.05 2.24  

16 Quantitative Log10 cp/ml 5.12 5.40 5.41 4.34 1.76 1.54 

17A Quantitative Log10 cp/ml n/a
1
 n/a

1
 4.92 n/a

1
 2.26 1.75 

17B Quantitative Log10 cp/ml n/a
1
 n/a

1
  n/a

1
   

18 Qualitative Log10 NAT 3.96 3.73 4.20 2.93 0.61 0.74 

19 Quantitative Log10 cp/ml 4.09 4.27  3.94 1.35 0.98 

20 Quantitative Log10 cp/ml 4.18 4.43 4.43 4.09 1.90  

21 Quantitative Log10 cp/ml 4.09 4.33 4.27 3.95 1.87  

22 Qualitative Log10 NAT 3.56 3.92  2.55 0.81 0.02 

Avg 

Quantitative  4.73 4.99 5.04 4.17 2.08 1.62 

Qualitative  3.76 3.67 3.91 2.58 0.76 0.48 

Combined  4.45 4.61 4.76 3.78 1.72 1.26 

Std 

Dev 

Quantitative  0.43 0.44 0.38 0.23 0.43 0.29 

Qualitative  0.62 0.79 0.69 0.52 0.39 0.38 

Combined  0.65 0.81 0.68 0.77 0.73 0.63 

GCV Quantitative  169% 173% 142% 68% 167% 96% 

 Qualitative  313% 519% 384% 230% 144% 142% 

 Combined  348% 552% 374% 488% 433% 327% 

n Quantitative  15 15 15 15 16 11 

 Qualitative  6 6 5 5 6 5 

 Combined  21 21 20 20 22 16 

 
 
1
 No neat sample 

2
 Reactive, below limit of quantification  

3
 Neat value undetermined  
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Table 6a: Laboratory mean reported potency estimates (in Log10 IU/ml or 

Log10 copies/ml from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) Excluding Lab 12A 

 

 

Mean Quantitative 4.73 4.99 5.04 4.17 2.08 1.62 

  Qualitative 3.99 3.95 4.21 2.81 0.90 0.48 

  Combined 4.54 4.73 4.86 3.88 1.80 1.26 

SD Quantitative 0.43 0.44 0.38 0.23 0.43 0.29 

  Qualitative 0.26 0.42 0.20 0.18 0.21 0.38 

  Combined 0.51 0.62 0.49 0.61 0.64 0.63 

GCV Quantitative 169% 173% 142% 68% 167% 96% 

  Qualitative 83% 162% 60% 51% 61% 142% 

  Combined 221% 320% 211% 308% 337% 327% 
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Table 7: Laboratory mean potency estimates in Log10 IU/mL, calculated 

relative to Sample B 

 

 
Lab Method A C D E F 

1 Quantitative 4.99 5.33 4.09 2.46 1.51 

2 Quantitative 4.93 5.55 4.98 2.15 2.24 

3 Qualitative 5.64 5.51  2.51 2.15 

4 Quantitative 5.02 5.31 4.42 2.24  

6 Qualitative 4.75 4.99 3.40 1.55 0.73 

7 Quantitative 4.92 5.20 3.93 2.17 1.42 

8 Quantitative 5.05 5.46 4.45 2.63  

9 Quantitative 4.98 5.30 4.46 2.12 1.93 

10 Quantitative 4.99 5.28 4.24 2.31 1.92 

11 Qualitative 5.77 5.85 4.47 2.71 2.45 

12A Qualitative 5.63 5.76 4.73 3.09  

12B Quantitative 4.89 5.47 4.39 2.16 1.22 

13 Quantitative 4.98 5.30 4.28 2.16 1.42 

14 Quantitative 5.04 5.28 3.85 2.30 2.21 

15 Quantitative 5.02 5.35 4.42 2.56  

16 Quantitative 4.98 5.30 4.25 2.30 1.72 

17A Quantitative 5.03 5.41 4.35 2.65 2.11 

17B Quantitative 5.06  4.29   

18 Qualitative 5.50 5.74 4.47 2.15 2.28 

19 Quantitative 5.14  4.98 2.51 2.18 

20 Quantitative 5.03 5.24 4.93 2.41 1.90 

21 Quantitative 5.05 5.21 4.98 2.82 2.61 

22 Qualitative 4.91  3.90 2.16 1.37 

Avg 

Quantitative 5.01 5.33 4.43 2.37 1.88 

Qualitative 5.37 5.57 4.19 2.36 1.80 

Combined 5.10 5.39 4.38 2.37 1.85 

Std Dev 

Quantitative 0.06 0.11 0.35 0.21 0.40 

Qualitative 0.43 0.35 0.54 0.53 0.73 

Combined 0.26 0.21 0.40 0.32 0.49 

GCV Quantitative 14% 26% 125% 63% 153% 

 Qualitative 168% 123% 245% 241% 431% 

 Combined 84% 62% 151% 107% 209% 

n Quantitative 17 15 17 16 13 

 Qualitative 6 5 5 6 5 

 Combined 23 20 22 22 18 
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Table 7a: Laboratory mean potency estimates in log10 IU/ml, calculated 

relative to Sample B excluding Lab 12A 

 

 
Mean Quantitative 5.01 5.33 4.43 2.37 1.88 

 
Qualitative 5.31 5.52 4.06 2.22 1.80 

 
Combined 5.08 5.37 4.36 2.34 1.85 

SD Quantitative 0.06 0.11 0.35 0.21 0.40 

 
Qualitative 0.46 0.38 0.52 0.44 0.73 

 
Combined 0.24 0.20 0.40 0.28 0.49 

GCV Quantitative 14% 26% 125% 63% 153% 

 
Qualitative 185% 141% 228% 177% 431% 

 
Combined 75% 57% 152% 90% 209% 

 

Table 8: Huber’s robust mean 

 

 
Data set 

Mean of 

labs 

Robust 

Mean 

Mean of 

methods 

Robust 

Mean of 

Methods 

 

Quantitative and qualitative 5.10 5.03 5.10 5.03 

Quantitative 5.01 5.01 5.00 5.00 

 

 

 

Table 9: Inter lab differences across assays relative to B 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample No. of 

datasets 

Mean Min Max SD %GCV 

A 17 5.01 4.92 5.14 0.06 14 

C 15 5.33 5.20 5.55 0.11 26 

D 17 4.43 3.85 4.98 0.35 125 

E 16 2.37 2.12 2.82 0.21 63 

F 13 1.88 1.22 2.61 0.40 153 
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Table 10: Intra laboratory variation for candidate sample A 

 
1
 No neat sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Lab Code Assay SD %GCV 

1 Qiagen artus HI Virus-1 QS-RGQ Kit 0.01 1 

2 Siemens Healthcare Versant HIV RNA 1.5 kPCR 0.10 26 

4 Hologic Aptima HIV-1 Quant Dx Assay 0.08 21 

7 
Roche CAP/CTM HIV-1 test V2.0 cobas® 

Ampliprep/Taqman 0.02 5 

8 In-House Real-Time RT-PCR Method 0.04 10 

9 Hologic Aptima HIV-1 Quant DX Assay 0.02 5 

10 Roche cobas® HIV-1 6800/8800 system 0.06 14 

12B Cepheid AB Xpert HIV-1 Viral Load 0.08 19 

13 Altona Diagnostics AltoStar HIV RT-PCR Kit 1.5 0.04 11 

14 BioMerieux NucliSENS easyQ HIV-1 v2.0 0.09 22 

15 Abbott RealTime HIV-1 Assay 0.03 8 

16 Beckmen Coulter DxN VERIS HIV-1 Assay 0.04 9 

17A 
Roche CAP/CTM HIV-1 test V2.0 cobas® 

Ampliprep/Taqman 
n/a

1
 n/a

1
 

17B Roche cobas® HIV-1 6800/8800 system n/a
1
 n/a

1
 

19 Siemens Healthcare Versant HIV RNA 1.5 KPCR 0.04 11 

20 Siemens Healthcare Versant HIV RNA 1.5 KPCR 0.02 6 

21 Siemens Healthcare Versant HIV RNA 1.5 KPCR 0.05 11 
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Figure 1: Histogram of estimated potencies of Sample A (in Log10 IU/mL or 

Log10 copies/mL from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) 
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Figure 2: Histogram of estimated potencies of Sample B (in Log10 IU/mL or 

Log10 copies/mL from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) 
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Figure 3: Histogram of estimated potencies of Sample C (in Log10 IU/mL or 

Log10 copies/mL from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) 
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Figure 4: Histogram of estimated potencies of Sample D (in Log10 IU/mL or 

Log10 copies/mL from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) 
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Figure 5: Histogram of estimated potencies of Sample E (in Log10 IU/mL or 

Log10 copies/mL from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) 
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Figure 6: Histogram of estimated potencies of Sample F (in Log10 IU/mL or 

Log10 copies/mL from neat samples in quantitative assays and Log10 NAT-

detectable units in qualitative assays) 
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Figure 7: Histogram of estimated potencies of Sample A calculated relative to 

Sample B (in Log10 IU/mL for quantitative assays and Log10 NAT-detectable 

units for qualitative assays) 
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Figure 8: Histogram of estimated potencies of Sample C calculated relative to 

Sample B (in Log10 IU/mL for quantitative assays and Log10 NAT-detectable 

units for qualitative assays) 
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Figure 9: Histogram of estimated potencies of Sample D calculated relative to 

Sample B (in Log10 IU/mL for quantitative assays and Log10 NAT-detectable 

units for qualitative assays) 
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Figure 10: Histogram of estimated potencies of Sample E calculated relative to 

Sample B (in Log10 IU/mL for quantitative assays and Log10 NAT-detectable 

units for qualitative assays) 
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Figure 11: Histogram of estimated potencies of Sample F calculated relative to 

Sample B (in Log10 IU/mL for quantitative assays and Log10 NAT-detectable 

units for qualitative assays) 
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Appendix 1: Study participants 

 
Participant Organisation Country 

Andrea Buzzigoli Kedrion Spa Italy 

Andrew Worlock & Sarah Meyer Hologic USA 

Aurelie Perrod BioMérieux France 

Bryndon Lembke, Jennifer O'Neil  & 

John Wyatt 

Beckman Coulter USA 

Claudia Aberham Shire Austria 

Cynthia Wagner & Laina Magaya-

mullen 

Siemens USA 

Domenico Speziale Policlinico Gemelli Italy 

Fiona Kearney Irish Blood Transfusion 

Service 

Ireland 

Giulio Pisani & Francesco Marino CRIVIB - ISS Italy 

Graham Prescott NIBSC UK 

Hong Wang Roche USA 

Jeff Wuitschick Abbott Molecular USA 

Maria Rita Gismondo Ospedale Sacco Italy 

Mark Hampson Qiagen UK 

Michael Chudy, Julia Kreß & 

Annette Reißinger 

Paul-Ehrlich-Institut Germany 

Molly Vernersson Cepheid AB Sweden 

Ombretta Turriziani Policlinico Umberto Italy 

Rolf Thermann GFE Blut Germany 

Shigeru Kusagawa, Ai Kawana-

Tachikawa & Tetsuro Matano 

National Institute of 

Infectious Diseases 

Japan 

Sönke Friedrichsen Altona Diagnostics GmbH Germany 

Yi-Chen Yang Taiwan Food & Drug 

Administration (TFDA) 

Taiwan 
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Appendix 2: Study protocol 
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Appendix 3: Example IFU of established product 
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