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Introduction 

In support of the WHO response to the Ebola crisis, NIBSC is undertaking a project to develop 

an International Standard for use in the calibration and control of nucleic acid amplification 

technique (NAT) assays used in the detection and quantification of Ebola RNA.  

Recommendations made by participants attending the Technical Workshop on the 

Standardisation of Serological and PCR assays for the detection of Ebola virus (NIBSC, UK, 5-6 

March 2015), included the urgent prioritization of the development of an interim Ebola standard 

while pursuing the longer-term goal of establishing an International Standard according to 

published WHO guidelines and formally endorsed by the WHO Expert Committee on Biological 

Standardization (ECBS) [1].  This report describes the development and worldwide collaborative 

study evaluation of a panel of candidate synthetic Ebola RNA preparations for the selection of 

the most appropriate candidate(s) to serve as the interim WHO standard for Ebola NAT assays. 

Aims 

The aims of this WHO international collaborative study are to  

 assess the suitability of different Ebola RNA preparations to serve as the interim 

standard(s) with an assigned unitage per mL for use in the harmonization of Ebola 

NAT assays. There is no international conventional reference measurement procedure 

for Ebola virus nucleic acid and the interim unitage will not be traceable to the 

International System of Units (SI) of quantity.   

 characterise the standard preparations in terms of reactivity/specificity in different 

assay systems.  

 assess each preparation’s potency i.e. readout in a range of typical assays performed 

in different laboratories 

 assess commutability i.e. to establish the extent to which each preparation is suitable 

to serve as an interim standard for the variety of different samples and assay types. 

 recommend to the WHO Ebola standards working group, the standard preparation(s) 

found to be suitable to serve as the interim standard(s). 

Materials and Methods 

Study Samples 

The study samples are based on the following synthetic constructs. 

Lentiviral vector-based Ebola RNA  

These materials are HIV-1-like particles incorporating a lentiviral vector (LVV) in which the 

HIV-1 genes have been substituted with EBOV Zaire 2014 [2] genes. Two different LVV 

constructs have been developed, one containing np-vp35-gp genes (NP-VP35-GP-LVV ) and one 

containing the vp40-L genes (VP40-L-LVV). The lentiviral particles are produced in tissue 

culture media, and therefore the RNA will need to be extracted from the particles. The lentiviral 

particles do not contain any structural HIV-1 genes and therefore are not replicative.  They are 

also not infectious due to the lack of an envelope protein.  To prevent expression of Ebola 

sequences, EBOV genes were cloned in a negative sense and with random stop codons 

introduced.  Furthermore, the lentiviral vector does not possess a promoter and the HIV-1 LTR 

are U3-defective.  The sequences of the Ebola-LVV constructs will be made available through 

GenBank. 
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The cloning and development of the LVV-based reference materials will be published elsewhere.  

Briefly, 4 LVV-based references were produced. Two high-titred freeze-dried candidate interim 

standards [sample 1003 (Ebola NP-VP35-GP-LVV high) and sample 1012 (Ebola VP40-L-LVV 

high)] were prepared by diluting LVV stocks 1:10 in sterile universal buffer (10mM Tris-HCl 

(pH 7.4) containing 0.5% human serum albumin and 0.1% D-(+)-Trehalose dehydrate).  The 

human serum albumin used in the preparation of the universal buffer has been tested and found 

negative for HBsAg, anti-HIV and HCV RNA. Two low-titre freeze-dried interim in-run 

controls [sample 1081(Ebola NP-VP35-GP-LVV low) and sample 1089 (Ebola VP40-L-LVV 

low)] were prepared by diluting the “high” titre preparations 1:10,000 in the same buffer. The 

LVV preparations were aseptically dispensed in 1 mL aliquots into 5 mL Schott vials (high titre) 

or 5 mL DIN ampoules (low titre) and freeze-dried using standard operating procedures. The 

freeze-dried preparations were stored at -20°C.  

Influenza-like Ebola ribonucleoprotein (RNP) complexes 

These materials are influenza-like RNP complexes containing the Ebola Zaire 2014 gene 

sequences of interest. To prepare the RNP complexes, four plasmids to drive protein expression 

of the influenza virus polymerase complex and influenza virus nucleoprotein are transfected into 

mammalian cells with a fifth plasmid which expresses a negative sense RNA construct encoding 

an Ebola gene sequence modified to be flanked with influenza non-coding regions allowing it to 

be recognised by the polymerase complex and amplified in the cell. Upon transfection, the Ebola 

RNA forms RNP complexes with the polymerase and influenza virus nucleoprotein within the 

cells. The influenza-based Ebola RNP system controls for both the extraction as well as the 

detection steps in the NAT assay. Seven formulations containing either Ebola np, vp40, vp35, gp 

or the l gene (in 3 fragments), have been prepared in universal buffer as described above.  The 

final preparations were aseptically dispensed in 1 mL aliquots into 2ml Sarstedt screw-capped 

tubes and stored at -20°C. 

Coded study samples 

The study samples were provided coded and blinded in 1mL aliquots as liquid or freeze-dried 

preparations (Table 1). The study samples were stored at -20°C or below until dispatched on dry 

ice to participants. Samples were shipped under NIBSC dispatch reference CS554. 

NIBSC assessments of the freeze-dried Ebola LVV-based preparations 1003, 1081, 1012 

and 1089 

The PCR methods used by NIBSC in the assessment of the LVV-based candidates are given in 

Table 2 under lab codes 13a, 13b, and 13c. 

Accelerated degradation studies are underway at NIBSC in order to predict the stability of the 

freeze-dried LVV-based reference materials stored at the recommended temperature of -20 °C.  

The freeze-dried preparations are being held at -20, 4, 20, 37, 45 and 56 °C.  At 2 weeks, 1 

month, 3 months, 6 months and 1 year, three vials will be removed from storage at each 

temperature then extracted and tested in duplicate by RT-PCR. The drift from the designated -

20 °C baseline will be compared by analysing the difference in Cycle Threshold (Ct) value.  

Currently, there is stability data for the 2 week and 1 month time points. 

Study protocol 

The final version of the study protocol is given in Appendix 2. In brief, participants were 

requested to test the samples using their established method(s) for the quantification and 

detection of Ebola RNA.  Participants were asked to perform a preliminary assay on all study 

samples undiluted.  Study samples found to be negative in the preliminary assay did not need to 

be tested in subsequent assays. For those study samples found to be positive in the preliminary 

assay, participants were requested to perform 3 independent assays. For each sample, two 
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independent replicate series of dilutions were to be prepared and tested. Participants were 

requested to serially dilute the study samples using the sample matrix specific to their assay (e.g. 

plasma, serum, whole blood, urine) and submit the dilutions to all steps of the assay (i.e. 

extraction, amplification and detection/quantification). For quantitative assays, participants were 

requested to test at least 3 dilutions within the linear range of the assay. For qualitative assays, 

participants were requested, for the first independent assay, to test ten-fold serial dilutions of 

each preparation in order to determine the Ebola RNA end point.  For the remaining two 

qualitative assays, participants are requested to test a minimum of two half-log serial dilutions 

either side of the end-point determined in independent assay 1. Participants were requested to 

record in the reporting sheet all essential information including the raw data from each assay.  

The dispatch of the study samples commenced on 8 July, 2015 and participants were requested 

to return results within 4 weeks of receipt of materials. 

Participants 

Thirteen laboratories from seven countries returned results.  The participants were from Australia 

(2), Germany (1), Italy (1), PR China (1), Sierra Leon (3), Sweden (1) and UK (4). All 

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

listing in Appendix 1.   

Assay methods  

Assays used by participants are summarised in Table 2. Where laboratories performed multiple 

assay methods, laboratory codes are followed by a letter indicating the different methods e.g. lab 

11a and lab 11b. 

Statistical methods  

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

assays, results were reported as ‘copies/mL’ and were used directly in the analysis. 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. 

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 number tested at each dilution step. A single ‘end-point’ 

for each dilution series was calculated, to give an estimate of NAT detectable units/mL, as 

described previously [3]. 

The 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. The relative potencies of each sample to its relevant candidate reference were 

calculated per laboratory as the difference in estimated log10 ‘units per mL’ (test sample – 

candidate standard). 

Results and data analysis 

Collaborative study data received 

Data from 13 laboratories was analysed at NIBSC. From the 13 laboratories, 6 quantitative 

datasets reporting copies/mL or log10 copies/ mL were received and 6 qualitative datasets 

reporting positive or negative detection. Eleven datasets were also returned with results in Ct 

values, where several laboratories tested dilutions near the detection endpoint rather than within 

the linear range of the assay, and the Ct data was therefore analysed as qualitative datasets. 
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Laboratory comments: 

Laboratory 3a: Sample 1044 does not seem to be stable after dilution in human plasma. The 

dilution repeatedly gave a much lower result than expected and was out of the linear range. I 

therefore decided not to use these samples for the quantification.  Sample 1012 is stable after 

dilution in plasma. 

Laboratory 3b: Sample 1027 is not stable when diluted in plasma. The first dilution step 

indicates that there might be free RNA that is degraded. The second dilution step from 1:10 to 

1:100 seems ok again. I would assume that there is a certain amount of RNase accessible RNA in 

the preparation.  Sample 1003 is stable after dilution in plasma. 

Laboratory 8 used the same extracted material across their assays. 

Some participants were unhappy with the glass vials as they tend to cause safety concerns in 

containment laboratory environments. 

Preliminary assay on undiluted study samples 

The scoring of the samples as positive or negative for Ebola target sequences is shown in Table 3.  

None of the assays targeted sequences on samples 1023, 1091, 1096 or 1099 and these samples 

were not assessed further. 

One assay (Lab 5) returned an apparent false positive result for sample 1023 (flu RNP-based 

Ebola L-RNP3) which was reported -/+/+ in the subsequent assays.  The gene target for this 

assay is unknown or not disclosed and the anomalous results has not been investigated further. 

Five assays (6c, 7b, 8b, 8c, and 8d) did not detect target sequences for sample 1089, which is a 

low-titre candidate in-run control, suggesting that these assays are not as sensitive as those that 

did detect the target sequences.  Laboratory 12, using an assay targeting the 5’UTR and non-

coding regions of the NP gene reported all samples as negative.  This is not unexpected given 

that none of the samples contains these target sequences. 

Estimated potencies of study samples 

The individual assay estimates of ‘copies/mL’ (log10) from the quantitative assays and NAT-

detectable units/mL (log10) from the qualitative assays are shown in Tables 4 and 5, respectively.  

The overall mean potency estimates and standard deviations (SD) are given in Table 6.  The 

qualitative assays generally gave lower estimates and tended to demonstrate greater inter-

laboratory variability than the quantitative assays. It should be noted, however, that the results 

from qualitative and quantitative assays are not directly comparable, as ‘NAT detectable 

units/mL’ determined by end-point dilution are not necessarily equivalent to the estimates of 

‘copies/mL’ from quantitative assays. 

Relative potencies of study samples relative to the high-titre LVV-based samples 1003 

(Ebola NP-VP35-GP-LVV high) and 1012 (Ebola NP-VP40-L-LVV high) 

The expression of the potency of samples relative to sample 1003 or sample 1012 allows an 

assessment of the suitability of the high-titre freeze-dried preparations to serve as interim 

standards for Ebola NAT assays. Relative potencies of samples against sample 1003 are shown 

in Table 7 and for sample 1012 in Table 8. Overall mean relative potencies are given in Table 9.  

The estimated and relative potencies of the study samples are also shown in histogram form in 

Figures 1-12. 

Relative potencies of the low-titre LVV-based preparations 

Figure 3 shows that when the mean estimates of sample 1081 (Ebola NP-VP35-GP-LVV low) 

are expressed relative to sample 1003, there is a marked improvement in the agreement between 

laboratories (Figure 2). When expressed in absolute potencies, the spread of results between 
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laboratories for sample 1081 ranges across ~3 Log10 (Figure 3).  This inter-laboratory variability 

is reduced to less than 2 Log10 when the potencies are expressed relative to sample 1003.  

Similar harmonization of results between laboratories is observed for sample 1089 (Ebola VP40-

L-LVV low) when potencies are expressed relative to sample 1012 (Figures 5 and 6).  It is also 

noteworthy that the potencies of sample 1081 and 1089 are ~10,000-fold lower than those of 

their high-titre counterparts (samples 1003 and 1012). This correlates well with the dilution used 

to prepare these materials (see Materials and Methods). 

Relative potencies of the Ebola influenze-RNP-based preparations 

The range of estimated potencies across laboratories for samples 1050 (Ebola NP-RNP), 1027 

(Ebola GP-RNP) and 1044 (Ebola L-RNP1) is ~ 3.5 Log10, ~3.5 Log10 and~5 Log10, 

respectively (Figures  7, 9 and 10).  There is some improvement in the agreement between 

laboratories for these samples when potencies are expressed in relative terms (Figures 7, 9 and 

11), but it is less marked than that observed for the LVV-based samples. 

Stability of the Ebov LVV-based references. 

Accelerated stability assessment of samples 1003, 1081, 1012 and 1089 is shown in Figure 13.  

The freeze-dried LVV-based reference materials were stable at temperatures of up to 20°C for 1 

month, making them suitable for shipping at ambient temperature; however, controlling the 

temperature during the shipping to hot countries may still be required, since at 37°C there was a 

drop in activity for the high-titre standards (1003 and 1012) after 1 month. The high-titre 

preparations are unstable at temperatures greater than 37°C even after 2 weeks as there are 

significant differences from the baseline. The stability study is on-going to determine the real-

time stability of the Ebola virus reference materials. 

Discussion 

To be able to ensure the biosafety of the Ebola reference materials that NIBSC provides to end-

users, we developed candidate synthetic Ebola RNA reference materials for assessment in this 

collaborative study while perusing the longer-term goal of producing an inactivated Ebola virus 

validated as non-infectious and formulated for use as an Ebola NAT standard.  The synthetic 

reference materials based on the Ebola Zaire 2014 sequences were developed using two different 

approaches, a lentiviral-based system and an influenza-like ribonucleoprotein-based system.  

Both of these systems are amenable to all steps of the PCR assay, from extraction through to 

amplification and detection.   

Four freeze-dried LVV-based Ebola RNA references have been produced: two high-titred 

candidate interim standards [sample 1003 (Ebola NP-VP35-GP-LVV high) and sample 1012 

(Ebola VP40-L-LVV high)] and two low-titre candidate in-run controls [sample 1081 (Ebola 

NP-VP35-GP-LVV low) and sample 1089 (Ebola VP40-L-LVV low)].  Seven liquid influenza-

RNP-based RNA references have been produced as additional study materials. 

In this international collaborative study, a range of qualitative and quantitative Ebola RNA tests 

were used to evaluate blinded LVV-based samples alongside blinded influenza-RNP-based 

samples.  

None of the assays targeted or detected sequences on samples 1023, 1091, 1096 or 1099 

indicating that the assays used in this collaborative study do not target vp35, vp40 or the L gene 

sequences cloned as fragment 2 or fragment 3 of the influenza-like RNP constructs. 

Laboratory 12, using an assay targeting the 5’UTR and non-coding regions of the NP gene 

reported all samples as negative. This finding illustrates that the synthetic preparations are 

suitable only for assays targeting the cloned open reading frames of specified Ebola genes. 
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Five assays (6c, 7b, 8b, 8c, and 8d) did not detect target sequences for sample 1089, which is a 

low-titre candidate in-run control, suggesting that these assays are not as sensitive as those that 

did detect the target sequences.  Method 6c is described as a conventional gel PCR by the 

participant.  Methods 7b and 8b are PanEbola RT-PCR assays used as in-house diagnostics.  

Methods 8c and 8d are block PCR reactions used for sequencing samples previously confirmed 

to be positive for Ebola and are described by the participant as known to be of lower sensitivity.  

The best between-laboratory agreement is obtained when the potency of a sample is expressed 

relative to a reference that is most like itself. For example, sample 1081 is composed of the same 

source material (Ebola NP-VP35-GP-LVV)) used to prepare sample 1003. The between-

laboratory agreement for sample 1081, when expressed relative to the 1003, is very good.  The 

between-laboratory comparability is somewhat reduced, but still improved with respect to 

absolute potencies, when potencies for influenza-RNP-based sample 1050 (Ebola NP-RNP) or 

sample 1027 (Ebola GP-RNP) are expressed relative to 1003.   

The matter of commutability of the candidate interim standards for clinical samples has not been 

assessed in this study. Commutability is determined by a range of factors including the sample 

matrix (i.e. plasma vs serum) and molecular characteristics of the analyte (i.e. differences in 

virus species or strains). By using a variety of assay methods and diluents in this study, an aspect 

of commutability has been addressed. It was not feasible, however, to examine additional aspects 

of commutability within the context of this collaborative study, in part, because of the bio-

containment restrictions of testing clinical samples or whole virus.  The commutability of the 

standard can also be affected by processing steps such as virus inactivation, if whole virus is used or 

the biological or molecular characteristics of the system if synthetic NAT is used. 

Although the synthetic preparations are non-infectious themselves, the glass containers used for 

the LVV-based reference materials raised safety concerns for some laboratories operating in high 

containment areas.   

The results obtained from the accelerated thermal degradation study at 1 month indicate that the 

candidate interim references are sufficiently stable for storage at -20°C and shipment at ambient 

temperatures within temperate climate zones. It is recommended however that the interim 

standards are packed in ice packs or dry ice when shipping to hotter climates.  Stability studies 

are ongoing.  Anecdotal evidence suggests that certain influenza-based references are unstable. 

This will be investigated further before any of the influenza-based preparations are made 

available for use. 

In summary, the implementation and use of the LVV-based interim standards and in-run controls 

will facilitate the characterization and standardization of the factors that contribute to assay 

sensitivity and variability and assist in the development of uniform management strategies for 

Ebola virus infection. 

Proposal 

It is proposed that sample 1003 (Ebola NP-VP35-GP-LVV high) is established as the interim 

WHO standard for use in the standardization of NAT-based assays targeting the Ebola np, vp35 

and gp genes, with an assigned potency of 7.5 Log10 units/mL when reconstituted in 1 mL of 

nuclease-free water.  It is also proposed that sample 1012 (Ebola VP40-L-LVV high) is 

established as the interim WHO standard for use in the standardization of NAT-based assays 

targeting the Ebola vp40 and l genes, with an assigned potency of 7.7 Log10 units/mL when 

reconstituted in 1 mL of nuclease-free water. These values are arbitrary but represent the 

consensus estimates for the candidates across the range of quantitative laboratory assays used in 

this collaborative study. It is also proposed that the lower-titred LVV-based sample 1081 (Ebola 

NP-VP35-GP-LVV low) and sample 1089 (Ebola VP40-L-LVV low) are established as in-run 

controls with an assigned potency of 3.5 Log10 units/mL for sample 1081 and 3.7 Log10 
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units/mL for sample 1089, each when reconstituted in 1 mL of nuclease-free water.  The 

intended use of the interim WHO standards (samples 1003 and 1012) is for the calibration of 

secondary standards.  It is intended that the in-run controls (samples 1081 and 1089) are used in 

the assessment of analytical sensitivity and data monitoring of Ebola NAT assays.  

Approximately 200 vials of each of the interim standards and ~4000 ampoules of each of the in-

run controls are available for distribution.  
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Table 1. Collaborative Study Samples. 
EBOV NAT 

Sample 

Code 

NIBSC Sample 

Name 
Source Material Notes 

1003 

Ebola 

NP-VP35-GP-LVV  

high 

Ebola RNA np-vp35-gp genes  

high titre 

(Lentiviral vector-based) 
Freeze-dried 5mL vials; 

universal buffer 

EBOV Zaire 2014 

sequences 1012 
Ebola VP40-L-LVV 

high 

Ebola RNA vp40-L genes  

high titre 

(Lentiviral vector-based) 

1023 Ebola L-RNP3 
Ebola RNA L gene fragment 3 

(Flu RNP-based) 

Cell associated, liquid; 

universal buffer 

EBOV Zaire 2014 

sequences 

1027 Ebola GP-RNP 
Ebola RNA GP gene 

(Flu RNP-based) 

1044 Ebola L-RNP1 
Ebola RNA L gene fragment 1 

(Flu RNP-based) 

1050 Ebola NP-RNP 
Ebola RNA NP gene 

(Flu RNP-based) 

1081 

Ebola 

NP-VP35-GP-LVV  

low 

Ebola RNA np-vp35-gp genes  

low titre 

(Lentiviral vector-based) 
Freeze-dried 5mL 

ampoules; universal buffer 

EBOV Zaire 2014 

sequences 1089 
Ebola VP40-L-LVV 

low 

Ebola RNA vp40-L genes  

low titre 

(Lentiviral vector-based) 

1091 Ebola VP35-RNP 
Ebola RNA VP35 gene 

(Flu RNP-based) Cell associated, liquid; 

universal buffer 

EBOV Zaire 2014 

sequences 

1096 Ebola VP40-RNP 
Ebola RNA VP40 gene 

(Flu RNP-based) 

1099 Ebola L-RNP2 
Ebola RNA L gene fragment 2 

(Flu RNP-based) 

White rows indicate lentiviral vector (LVV)-based formulations. Grey rows indicate influenza 

(Flu) ribonuclear protein complexed (RNP)-based formulations. The L gene was cloned across 3 

Flu-RNP-based constructs i.e . Ebola L-RNP1, Ebola L-RNP2 and Ebola L-RNP3. 

Abbreviations: NP = nuclear protein gene; VP35 = viral protein 35 gene; GP = glycoprotein 

gene; VP40 = viral protein 40 gene; L = RNA-dependent RNA polymerase gene.   
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Table 2. Laboratory codes and assay methods 
Lab 

Code  

Assay Description Assay Use Assay 

Type 

Analyte Matrix for 

dilution series 

units 

1 Xpert Ebola CE; EUA Qual GP and NP EDTA WB Ct;+/- 

2a Trombley real time 

RT-PCR with MS2 

internal control 

in-house 

diagnostic 

Qual NP plasma Ct;+/- 

2b Pan Ebola (Panning 

et al) [4] with MS2 

internal control 

in-house 

diagnostic 

Qual L plasma Ct;+/- 

2c RT-PCR (SYBR-

Green) 

in-house 

diagnostic 

Qual NP plasma +/- 

3a RealStar Filovirus 

Screen RT-PCR Kit 

CE; EUA Quant L plasma Ct; Copies/mL 

3b RealStar Filovirus 

Type RT-PCR Kit 

RUO Quant GP plasma Ct; Copies/mL 

4 RealStar Filovirus 

Screen RT-PCR Kit 

1.0 (Altona 

Diagnostics) 

CE; EUA Quant L H20 Ct; Copies/mL 

5 Ebola Zaire (EZ1) 

rRT-PCR 

(TaqMan®) Assay 

EUA Qual Unk EDTA WB +/- 

6a TaqMan RT-PCR   Quant NP plasma Ct; Copies/mL 

6b TaqMan RT-PCR   Quant GP plasma Ct; Copies/mL 

6c Conventional PCR   Qual L H2O +/- 

7a Ebola Zaire NP 

realtime PCR assay 

in-house 

diagnostic 

Qual NP serum Ct;+/- 

7b Pan-ebolavirus 

realtime PCR 

assays  

in-house 

diagnostic 

Qual L serum Ct;+/- 

8a Ebola Zaire NP 

realtime PCR 

in-house 

diagnostic 

Qual NP serum Ct;+/- 

8b Pan-ebolavirus 

realtime PCR 

in-house 

diagnostic 

Qual L serum Ct;+/- 

8c Ebola Block-based 

RT-PCR 

Sequencing Qual Unk neat +/- 

8d Pan filovirus Block 

based RT-PCR 

Sequencing Qual Unk neat +/- 

8e Ebola Zaire GP 

realtime PCR 

in-house 

diagnostic 

Qual GP serum Ct;+/- 

8f Biofire platform, 

Ebola virus 

BiothreatE V2.5 

FilmArray  

Unk Qual L neat +/- 

8g Ebola LAMP RUO Qual NP Unk +/- 

9 Ebola Zaire NP 

realtime PCR 

in-house 

diagnostic 

Qual NP serum Ct;+/- 
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Table 2 continued 

10 Trombley real time 

RT-PCR with MS2 

internal control 

in-house 

diagnostic 

Qual NP serum Ct;+/- 

11a Cepheid GeneXpert EUA Qual GP and NP  VTM Ct 

11b Trombley real time 

RT-PCR with MS2 

internal control 

in-house 

diagnostic 

Qual NP VTM Ct;+/- 

12 Liferiver Ebola 

Virus (EBOV) Real 

Time RT-PCR Kit 

CE; EUA 

and CFDA 

certified 

Qual 5’UTR and 

non-coding 

region of 

NP 

undiluted  

13a Trombley real time 

RT-PCR [5] 

research Quant NP Universal 

Buffer 

Ct; Copies/mL 

13b Jaaskelainen real 

time RT-PCR [6] 

research Quant L Universal 

Buffer 

Ct; Copies/mL 

13c Digital Droplet 

PCR   

research Quant NP Universal 

Buffer 

Ct; Copies/mL 

Abbreviations: CE = CE-marked In vitro diagnostic; EUA= emergency use authorisation; RUO= 

research use only; GP = glycoprotein gene; NP = nuclear protein gene; L - RNA-dependent RNA 

polymerase gene, Unk = unknown or not specified; WB = whole blood; VTM = viral transport 

media; CFDA = Chinese Food and Drug Administration; UTR = untranslated region 
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Table 3. Samples scored as as positive or negative for Ebola NAT targets. 

  
Sample 1003 1012 1023 1027 1044 1050 1081 1089 1091 1096 1099 

Lab 

Number 

(Assay) 

Assay 

Target 

Sample 

Content 

NP-

VP35-

GP-High 

VP40-L-

High 
L frag 3 GP L frag 1 NP 

NP-

VP35-

GP Low 

VP40-L-

Low 
VP35 VP40 L frag 2 

1(a) GP,NP 
 

P N N P N P P N N N N 

2(a) NP 
 

P N N N N P P N N N N 

2(b) L 
 

N P N N P N N P N N N 

2(c) NP 
 

P N N N N P P N N N N 

3(a) L 
 

N P N N P N N P N N N 

3(b) GP 
 

P N N P 
  

P     

4 L 
 

N P N N P N N P N N N 

5 Unk 
 

P N P* P N N P N N N N 

6(a) NP 
 

P N N N N P P N N N N 

6(b) GP 
 

P N N P N N P N N N N 

6(c) L 
 

N P N N P N N N* N N N 

7(a) NP 
 

P N N N N P P N N N N 

7(b) L 
 

N P N N P N N N* N N N 

8(a) NP 
 

P N N N N P P N N N N 

8(b) L 
 

N P N N P N N N* N N N 

8(c) Unk 
 

N P N N P N N N* N N N 

8(d) Unk 
 

N P N N P N N N* N N N 

8(e) GP 
 

P N N P N N P N N N N 

8(f) L 
 

N P N N P N N P N N N 

9 NP 
 

P N N N N P P N N N N 

10 NP 
 

P N N N N P P N N N N 

11(a) GP,NP 
 

P   P 
 

N N     

11(b) NP 
 

P N N N N P P N N N N 

12 
5'UTR-

NP  
N N N N N N N N N N N 

Abbreviations: P = positive (no shading); N = negative (dark grey); Unk = Unknown or not indicated. *Results in bold are 

inconsistent results. 
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Table 4: Potency estimates of samples in quantitative assays in Log10 copies/mL 

Lab Assay 
# Samples containing target 

gene GP, NP and/or VP35 
Lab Assay 

* Samples containing target 

gene L and/or VP40 

(target) 
 

1003 1081 1027 1050 (Target)  1012 1089 1044 

3b (GP) 1 6.82 2.79 6.50 
 

3a (L) 1 7.57 3.86 7.11 

3b (GP) 2 6.84 2.72 6.46 
 

3a(L) 2 7.51 3.60 7.00 

3b (GP) 3 6.75 2.61 6.46 
 

3a (L) 3 7.51 3.67 7.18 

6b (GP) 1 7.41 3.56 6.02 
 

4 (L) 1 7.58 3.41 7.26 

6a (NP) 1 7.51 3.21 
 

5.54 4 (L) 2 7.61 3.29 7.28 

13a (NP) 1 7.89 4.17   4 (L) 3 7.69 3.47 7.37 

13a (NP) 2 8.03 4.18   13b (L) 1 7.67 4.21  

13a (NP) 3 7.64 3.45   13b (L) 2 7.90 4.35  

13a (NP) 4 8.30 4.27   13b (L) 3 7.40 3.26  

13a (NP) 1 7.58 3.76   13b (L) 4 8.18 4.23  

13c (NP) 2 7.89 4.04        

# The GP, NP and VP35 genes have been cloned into one LLV-based construct and the VP40 

and L genes have been cloned into another LVV-based construct. 

Table 5: Potency estimates of samples in qualitative assays in Log10 NAT-

detectable units/mL 

Lab Data 
# Samples containing target 

gene GP, NP and/or VP35 
Lab Data 

* Samples containing 

target gene L and/or VP40 

(Target) Type 1003 1081 1027 1050 (Target) Type 1012 1089 1044 

1a (GP) Qual 3.57  4.60  2b (L) CT Qual 4.58 * 2.58 

8e (GP) CT Qual * 1.58 3.58  6c (L) Qual 5.57  3.59 

5 (GP) Qual 5.60 2.07 3.60  7b (L0 CT Qual 4.59  2.59 

11a (GP and 

NP) 
CT Qual 4.58 * * * 8b (L) CT Qual 3.58  * 

1b (NP Qual 7.06 *  4.58 8f (L) Qual 6.58 1.58 3.58 

9 (NP) CT Qual 5.56 *  4.58      

10 (NP) CT Qual 6.08 2.07  4.08      

11b (NP) CT Qual 6.08 2.08  5.08      

2a (NP) CT Qual 5.57 1.58  3.58      

2c (NP Qual 6.08 2.07  3.08      

7a( NP) CT Qual 6.58 *  4.08      

8a (NP) CT Qual * *  2.58      

# The GP, NP and VP35 genes have been cloned into one LLV-based construct and the VP40 

and L genes have been cloned in another LVV-based construct.  Qual = Potency estimates based 

on +/- readout.  CT Qual = Potency estimates based on Ct readout scored as +/-. 
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Table 6: Mean potency estimates of samples in quantitative (Log10 copies/mL) and 

qualitative assays (Log10 NAT-detectable units/mL) 

Sample (Target) Type Mean SD n 

1003 Quantitative 7.49 0.44 5 

1003 Qualitative 5.68 0.99 10 

1027 Quantitative 6.25 n/a 2 

1027 Qualitative 3.92 0.58 3 

1050 Quantitative 5.54 n/a 1 

1050 Qualitative 3.95 0.54 8 

1081 Quantitative 3.48 0.53 5 

1081 Qualitative 1.91 0.26 6 

1012 Quantitative 7.65 0.13 3 

1012 Qualitative 4.98 1.14 5 

1044 Quantitative 7.20 n/a 2 

1044 Qualitative 3.09 0.58 4 

1089 Quantitative 3.71 0.31 3 

1089 Qualitative 1.58 n/a 1 

n/a = not applicable as SD values cannot be calculated, when only one or two laboratories 

performed assays. 
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Table 7: Relative potency estimates of samples from quantitative assays in Log10 

copies/mL. 

Lab Assay 
Potency Relative to 1003 

(Ebola NP-VP35-GP-LVV high titer) 
Lab Assay 

Potency Relative to 1012 

(Ebola NP-VP40-L-LVV high titer) 

(Target)   1081 1027 1050 (Target)  1089 1044 

3b (GP) 1 -4.03 -0.32  3a (L) 1 -3.70 -0.45 

3b (GP) 2 -4.12 -0.38  3a(L) 2 -3.91 -0.51 

3b (GP) 3 -4.14 -0.29  3a (L) 3 -3.84 -0.33 

6b (GP) 1 -3.86 -1.39  4 (L) 1 -4.16 -0.32 

6a (NP) 1 -4.30  -1.98 4 (L) 2 -4.32 -0.33 

13a 

(NP) 
1 -3.72   4 (L) 3 -4.21 -0.32 

13a 

(NP) 
2 -3.86   13b (L) 1 -3.46  

13a 

(NP) 
3 -4.19   13b (L) 2 -3.56  

13a 

(NP) 
4 -4.03   13b (L) 3 -4.14  

13a 

(NP) 
1 -3.82   13b (L) 4 -3.95  

13c 

(NP) 
2 -3.85   3a (L)    
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Table 8: Relative potency estimates from qualitative assays 

Lab Data 
Potency Relative to 1003 

(Ebola NP-VP35-GP-LVV high titer) 
Lab Data 

Potency Relative to 1012 

(Ebola NP-VP40-L-LVV high titer) 

   Type 1081 1027 1050  Type 1089 1044 

1a (GP) Qual  1.02  
2b 

(L) 

CT 

Qual 
 -2.01 

8e (GP) CT Qual    
6c 

(L) 
Qual  -1.98 

5 (GP) Qual -3.52 -2.00  
7b 

(L) 

CT 

Qual 
 -2.00 

11a (GP and NP) CT Qual    
8b 

(L) 

CT 

Qual 
  

1b (NP Qual    
8f 

(L) 
Qual -5.01 -3.00 

9 (NP) CT Qual   -0.99     

10 (NP) CT Qual -4.00  -2.00     

11b (NP) CT Qual -4.00  -1.00     

2a (NP) CT Qual -4.00  -1.99     

2c (NP Qual -3.52  -3.00     

7a( NP) CT Qual   -2.50     

8a (NP) CT Qual        

# The GP, NP and VP35 genes have been cloned into one LLV-based construct and the VP40 

and L genes have been cloned in another LVV-based construct.  Qual = Potency estimates based 

on +/- readout.  CT Qual = Potency estimates based on Ct readout scored as +/-. 
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Table 9: Mean relative potency estimates of samples in quantitative (Log10 

copies/mL) and qualitative assays (Log10 NAT-detectable units/mL). 

Sample Reference Type Mean SD n 

1027 

1003 

(Ebola NP-VP35-GP-LVV high titer) 

Quantitative -0.86 n/a 2 

1027 Qualitative -0.49 n/a 2 

1050 Quantitative -1.98 n/a 1 

1050 Qualitative -1.99 0.77 7 

1081 Quantitative -4.01 0.19 5 

1081 Qualitative -3.90 0.21 5 

1044 

1012 

(Ebola NP-VP40-L-LVV high titer) 

Quantitative -0.38 n/a 2 

1044 Qualitative -2.25 0.50 4 

1089 Quantitative -3.94 0.25 3 

1089 Qualitative -5.01 n/a 1 

n/a = not applicable as SD values cannot be calculated, when only one or two laboratories 

performed assays. 
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Figure 1: Estimated potencies for sample 1003 (Ebola NP-VP35-GP-LVV high titer). 

Histogram of the mean laboratory estimates in quantitative (white squares) or qualitative (grey 

squares) NAT assays.  The estimated values are shown on the horizontal axis and the number of 

laboratories is indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for 

quantitative assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

and assay target. 

 

Abbreviations: LVV = lentiviral vector-based formulation; NP = nuclear protein gene; VP35 = 

viral protein 35 gene; GP = glycoprotein gene; ? = Unknown or not indicated. 

N
u
m

b
e
r 

o
f 
L
a
b
o
ra

to
ri
e
s

0

1

2

3

4

5

6

7

8

Log10 units/ml

2 3 4 5 6 7 8 9

1a 11a 2a

5

9

2c

10

11b

7a 1b

3b

6a

6b

13c

13a

GP GP/NP NP

?

NP

NP

NP

NP

NP NP

GP

NP

GP

NP

NP

Quantitative Assays Qualitative Assays



WHO/BS/2015.2279  

Page 20 
 

Figure 2: Estimated potencies for sample 1081 (Ebola NP-VP35-GP-LVV low). Histogram 

of the mean laboratory estimates in quantitative (white squares) or qualitative (grey squares) 

NAT assays.  The estimated values are shown on the horizontal axis and the number of 

laboratories is indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for 

quantitative assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 

Abbreviations: LVV = lentiviral vector-based formulation; NP = nuclear protein gene; VP35 = 

viral protein 35 gene; GP = glycoprotein gene; ? = Unknown or not indicated. 
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Figure 3: Relative potencies of sample 1081 (Ebola NP-VP35-GP-LVV low titer) against 

sample 1003 (Ebola NP-VP35-GP-LVV high titer).  Histogram of the mean relative potencies 

of sample 1081 against sample 1003 in quantitative (white squares) or qualitative (grey squares) 

NAT assays.  The relative potencies are shown on the horizontal axis and the number of 

laboratories is indicated on the vertical axis.  The results are reported as Log10 WHO units 

units/mL . Each box represents the mean estimate from each laboratory assay and is labeled with 

the laboratory code number and assay target. 

 

Abbreviations: LVV = lentiviral vector-based formulation; NP = nuclear protein gene; VP35 = 

viral protein 35 gene; GP = glycoprotein gene; ? = Unknown or not indicated. 

N
u
m

b
e
r 

o
f 
L
a
b
o
ra

to
ri
e
s

0

1

2

3

4

5

6

7

8

Log10 units/ml

-6 -5 -4 -3 -2 -1 0 1

6a 2a

2c

3b

6b

10

11b

13a

13c

5

NP NP

NP

GP

GP

NP

NP

NP

NP

?

Quantitative Assays Qualitative Assays



WHO/BS/2015.2279  

Page 22 
 

Figure 4: Estimated potencies for sample 1012 (Ebola NP-VP40-L-LVV high titer). 

Histogram of the mean laboratory estimates in quantitative (white squares) or qualitative (grey 

squares) NAT assays.  The estimated values are shown on the horizontal axis and the number of 

laboratories is indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for 

quantitative assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 

Abbreviations: LVV = lentiviral vector-based formulation; VP40 = viral protein 40 gene; L = 

RNA-dependent RNA polymerase gene. 
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Figure 5: Estimated potencies for sample 1089 (Ebola NP-VP40-L-LVV low titer). 

Histogram of the mean laboratory estimates in quantitative (white squares) or qualitative (grey 

squares) NAT assays.  The estimated values are shown on the horizontal axis and the number of 

laboratories is indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for 

quantitative assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 

Abbreviations: LVV = lentiviral vector-based formulation; VP40 = viral protein 40 gene; L = 

RNA-dependent RNA polymerase gene. 
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Figure 6: Relative potencies of sample 1089 (Ebola VP40-L-LVV low titer) against sample 

1012 (Ebola VP40-L-LVV high titer).  Histogram of the mean relative potencies of sample 

1089 against sample 1012 in quantitative (white squares) or qualitative (grey squares) NAT 

assays.  The relative potencies are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 WHO units units/mL. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 

Abbreviations: LVV = lentiviral vector-based formulation; VP40 = viral protein 40 gene; L = 

RNA-dependent RNA polymerase gene. 
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Figure 7: Estimated potencies for sample 1050 (Ebola NP-RNP). Histogram of the mean 

laboratory estimates in quantitative (white squares) or qualitative (grey squares) NAT assays.  

The estimated values are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for quantitative 

assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box represents the 

mean estimate from each laboratory assay and is labeled with the laboratory code number and 

assay target. 

 
Abbreviations: RNP = influenza-like ribonucleoprotein-based formulation; NP = nuclear protein 

gene. 
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Figure 8: Relative potencies of sample 1050 (Ebola NP-RNP) relative to sample 1003 (Ebola 

NP-VP35-GP-LVV high titer). Histogram of the mean relative potencies of sample 1050 

against sample 1003 in quantitative (white squares) or qualitative (grey squares) NAT assays.  

The relative potencies are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 WHO units units/mL. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 

 
Abbreviations: RNP = influenza-like ribonucleoprotein-based formulation; LVV = lentiviral 

vector-based formulation; NP = nuclear protein gene; VP35 = viral protein 35 gene; GP = 

glycoprotein gene. 
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Figure 9: Estimated potencies for sample 1027 (Ebola GP-RNP). Histogram of the mean 

laboratory estimates in quantitative (white squares) or qualitative (grey squares) NAT assays.  

The estimated values are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for quantitative 

assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box represents the 

mean estimate from each laboratory assay and is labeled with the laboratory code number and 

assay target. 

 
Abbreviations: RNP = influenza-like ribonucleoprotein-based formulation; GP = glycoprotein 

gene. 
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Figure 10: Relative potencies of sample 1027 (Ebola GP-RNP) relative to sample 1003 

(Ebola NP-VP35-GP-LVV high titer). Histogram of the mean relative potencies of sample 

1027 against sample 1003 in quantitative (white squares) or qualitative (grey squares) NAT 

assays.  The relative potencies are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 WHO units units/mL. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 
Abbreviations: RNP = influenza-like ribonucleoprotein-based formulation; LVV = lentiviral 

vector-based formulation; NP = nuclear protein gene; VP35 = viral protein 35 gene; GP = 

glycoprotein gene; * = Unknown or not indicated. 
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Figure 11: Estimated potencies for sample 1044 (Ebola L-RNP1). Histogram of the mean 

laboratory estimates in quantitative (white squares) or qualitative (grey squares) NAT assays.  

The estimated values are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 ‘copies’/mL for quantitative 

assays and Log10 ‘NAT’-detectable units/mL for qualitative assay. Each box represents the 

mean estimate from each laboratory assay and is labeled with the laboratory code number and 

assay target. 

 
Abbreviations: L-RNP1 = influenza-like ribonucleoprotein-based formulation containing L 

fragment 1; L = RNA-dependent RNA polymerase gene. 
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Figure 12: Relative potencies of sample 1044 (Ebola L-RNP1) relative to sample 1012 

(Ebola VP40-L-LVV high titer). Histogram of the mean relative potencies of sample 1044 

against sample 1012 in quantitative (white squares) or qualitative (grey squares) NAT assays.  

The relative potencies are shown on the horizontal axis and the number of laboratories is 

indicated on the vertical axis.  The results are reported as Log10 WHO units/mL. Each box 

represents the mean estimate from each laboratory assay and is labeled with the laboratory code 

number and assay target. 

 
Abbreviations: L-RNP1 = influenza-like ribonucleoprotein-based formulation containing L 

fragment 1; LVV = lentiviral vector-based formulation; VP40 = viral protein 40 gene; L = RNA-

dependent RNA polymerase gene. 
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Figure 13: Accelerated stability assessment of freeze-dried samples 1003, 1081, 1012 and 1089. 

 

A 3.3ct difference indicates a 1 Log1-change in nucleic acid detection by PCR. 
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Appendix 1 

Collaborative study participants  
(In alphabetical order by country) 

 

 

 

Name Laboratory Country 

Jimmy Ng  

Centre for Infectious Diseases and 

Microbiology (CIDM), Westmead Hospital Australia 

Julian Druce 

Victorian Infectious Diseases Reference 

Laboratory. Australia 

Stephan Ölschläger Altona Diagnostics GmbH Germany 

Maria Capobianchi, 

Fabrizio Carletti 

National Institute for Infectious Diseases 

Lazzaro Spallanzani - INMI Italy 

Walter Zhang Shanghai ZJ Bio-Tech Co., Ltd. PR China 

Ruth Watkinson, Andy 

Broadbent PHE, Makeni 

Sierra Leone* 

Team PHE, Kerrytown Sierra Leone* 

Team PHE, Port Loko Sierra Leone* 

Marika Kleman Cepheid AB Sweden 

Daniel Bailey, Richard 
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Appendix 2 
Collaborative Study Protocol 
Protocol for the WHO collaborative study to assess the suitability of an interim standard 

for Ebola virus RNA 

Background 

In support of the WHO response to the Ebola crisis, NIBSC is undertaking a project to develop 

an International Standard for use in the calibration and control of nucleic acid amplification 

technique (NAT) assays used in the detection and quantification of Ebola RNA.  

Recommendations made by participants attending the Technical Workshop on the 

Standardisation of Serological and PCR assays for the detection of Ebola virus (NIBSC, UK, 5-6 

March 2015), included the urgent prioritization of the development of an interim Ebola standard 

while perusing the longer-term goal of establishing an International Standard according to 

published WHO guidelines and formally endorsed by the WHO Expert Committee on Biological 

Standardization (ECBS) [1]. 

Aims 

The aims of this WHO international collaborative study are to  

 assess the suitability of different Ebola RNA preparations to serve as the interim 

standard(s) with an assigned unitage per mL for use in the harmonization of Ebola 

NAT assays. There is no international conventional reference measurement procedure 

for Ebola virus nucleic acid and the interim unitage will not be traceable to the 

International System of Units (SI) of quantity.   

 characterise the standard preparations in terms of reactivity/specificity in different 

assay systems.  

 assess each preparation’s potency i.e. readout in a range of typical assays performed 

in different laboratories 

 assess commutability i.e. to establish the extent to which each preparation is suitable 

to serve as an interim standard for the variety of different samples and assay types. 

 recommend to the WHO Ebola standards working group, the standard preparation(s) 

found to be suitable to serve as the interim standard(s). 

Study Samples 

In this interim collaborative study all Ebola NAT materials issued by NIBSC are synthetic, 

non-infectious constructs for Ebola virus RNA 

Participating laboratories with local access to inactivated Ebola virus are strongly encouraged to 

include this material for assay alongside the Study Samples.  It would be very informative if this 

same material could be shared with participants that are able to take receipt of the inactivated 

virus for testing (e.g. USA laboratories authorised to receive inactivated Ebola virus from other 

USA labs).  By including local inactivated Ebola virus in these collaborative studies, it will be 

possible to express the unitage of the inactivated Ebola virus relative to the Study Sample(s) thus 

providing a degree of traceability to the interim standard at least on a local scale. 

The Study Samples are based on the following synthetic constructs. 

Lentiviral vector-based Ebola RNA  

These materials are HIV-1-like particles incorporating a lentiviral vector (LVV) in which the 

HIV-1 genes have been substituted with EBOV Zaire 2014 [2] genes. Two different LVV 

constructs have been developed, one containing np-vp35-gp genes (NP-VP35-GP-LVV ) and one 

containing the vp40-L genes (VP40-L-LVV). The lentiviral particles are produced in tissue 

culture media, and therefore the RNA will need to be extracted from the particles. The lentiviral 

particles do not contain any structural HIV-1 gene and therefore are not replicative.  They are 

also not infectious due to the lack of an envelope protein.  To prevent expression of Ebola 

sequences, EBOV genes were cloned in a negative sense and with random stop codons 

introduced.  Furthermore, the lentiviral vector does not possess a promoter and the HIV-1 LTR 



WHO/BS/2015.2279  

Page 34 
 

are U3-defective.  The sequences of the Ebola-LVV constructs will be made available through 

GenBank. 

Formulations, containing either NP-VP35-GP-LVV or VP40-L-LVV, have been prepared in 

sterile universal buffer comprising 10mM Tris-HCl (pH 7.4) containing 0.5% human serum 

albumin and 0.1% D-(+)-Trehalose dehydrate.  The human serum albumin used in the 

preparation of the universal buffer has been tested and found negative for HBsAg, anti-HIV and 

HCV RNA.  .   

Influenza-based Ebola ribonucleoprotein (RNP) complexes 

These materials are influenza-like RNP complexes containing the Ebola Zaire 2014 gene 

sequences of interest. To prepare the RNP complexes, four plasmids to drive protein expression 

of the influenza virus polymerase complex and influenza virus nucleoprotein are transfected into 

mammalian cells with a fifth plasmid which expresses a negative sense RNA construct encoding 

an Ebola gene sequence modified to be flanked with influenza non-coding regions allowing it to 

be recognised by the polymerase complex and amplified in the cell. Upon transfection, the Ebola 

RNA forms RNP complexes with the polymerase and influenza virus nucleoprotein within the 

cells. The influenza-based Ebola RNP system controls for both the extraction as well as the 

detection steps in the NAT assay. Seven formulations containing either Ebola np, vp40, vp35, gp 

or the l gene (in 3 fragments), have been prepared in universal buffer as described above. 

Note; for the subsequent collaborative study to establish the definitive EBOV NAT 

standard, we aim to include additional materials for assay.  These may include, inactivated 

Ebola virus and in vitro Ebola RNA transcripts 

Coded study samples 

The Study Samples are provided coded and blinded, labelled “EBOV NAT Sample Code xx” 

where xx is a unique number.  For this interim collaborative study, eleven samples are provided 

for assay.  The coded samples may include negative samples as well as positive samples in the 

form of the synthetic Ebola construct preparations described above. 

The Study Samples are provided in 1mL aliquots as liquid or freeze-dried preparations.   The 

directions for reconstitution of the freeze-dried materials are given in the instructions for use 

included with the Study Samples. Laboratories will receive at least 4 sets of study samples which 

should allow for 1 preliminary assay plus 3 independent assays by one method.  Laboratories 

with more than one assay method will receive additional sample sets per method (subject to 

availability).  

The dispatch of the study samples will take place June-July 2015. 

The study samples should be stored at -20C or below. The study samples shall not be 

administered to humans. 

Assay Methods 

For testing the Study Samples, participants are requested to use the method(s) in routine use in 

their laboratory for the quantitative or qualitative detection of Ebola RNA.  Laboratories may use 

multiple methods to test the study materials provided that the study design is followed for each 

method.  Multiple sets of Study Samples will be provided if multiple methods are used (subject 

to availability). 

Design of study 
Participants are requested to: 

 use a freshly opened and reconstituted or thawed Study Sample for each assay.  

Samples should be used immediately or placed on ice until used. 

 for those laboratories with access to inactivated Ebola virus, prepare and test the 

inactivated material in the same manner as the Study Samples. 

 perform a preliminary assay for Ebola RNA on all Study Samples undiluted.  

Study samples found to be negative in the first assay do not need to be tested in 

subsequent assays.   
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 for those Study Samples found to be positive in the preliminary assay, perform 3 

independent assays on different days for Ebola RNA.   

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

positive coded samples. If possible, at least two independent replicate series of 

dilutions (NOT two samplings from a single series) should be prepared and tested. 

 Participants are requested to serially dilute the study samples using the 

sample matrix specific to their individual assay (e.g. plasma, serum, 

whole blood, urine). 

 Dilutions then must be submitted to all steps of the test (i.e. extraction, 

amplification and detection/quantification). 

 for Quantitative Assays: 

Where participants have access to quantitative Ebola NAT assays, we suggest 

testing at least 3 dilutions that fall within the linear range of the assay. The 

material may be tested without dilution, but this is dependent upon the linear 

range of the assay. 

 for Qualitative Assays: 

For the first independent assay, participants should assay ten-fold serial dilutions 

of each preparation in order to determine the Ebola RNA end point dilution.  For 

the remaining two assays, participants are requested to assay a minimum of two 

half-log serial dilutions (i.e. 10
 0.5

 serial dilutions which is equivalent to 1:3.16 

serial dilutions) either side of the end-point determined in independent assay 1. It 

is therefore not necessary to carry out more than five half-log serial dilutions 

(centred around the estimated end-point) unless individual labs wish to do 

otherwise. 

 use the Excel reporting sheet to record, for each dilution, the assay readout (e.g. 

copies, Ct, NAT-detectable units).  Our statistician will use the raw data readouts 

to perform the statistical analysis. 

 indicate whether each sample dilution tested is considered positive or negative 

according to assay criteria. 

 include all Study Samples in each assay so that the potencies relative to one 

another may be calculated 

Results and data analysis 

Participants are requested to return their results to NIBSC within 4 weeks of receipt of the study 

materials.  An excel spread sheet is provided so that all essential information can be recorded 

including details of assay methodology and the raw data obtained from each assay.  The use of 

the reporting spread sheet facilitates the analysis and interpretation of results.  If multiple assay 

methods are undertaken, a separate worksheet for each method should be completed.  The final 

version of the reporting spread sheet will be e-mailed to each participant following shipment of 

study materials. 

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

the other laboratories.  Analysis of the study will assess the potencies of each material relative to 

each other, and the sensitivity of the different assay methods.   

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

techniques.  

A draft study report will be sent to participants for comment.  The report will include data 

analysis, proposed conclusions and recommendations on the selection, use and unitage of the 

most appropriate Ebola nucleic acid preparation(s) to serve as the interim standard(s).  The 

finalised report will then be submitted to the WHO Ebola standards working group who will 

decide on the suitability of the preparation to serve as the interim standard for Ebola RNA.  

Participation in the WHO collaborative study is conducted under the following conditions: 
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 The data obtained in the collaborative study should not be published or cited 

before the formal establishment of the standard by WHO, without the expressed 

permission of the NIBSC Study organizer. 

 In order to address the immediate need for Ebola NAT standards, participants are 

permitted to use the Study Samples for purposes that fall outside of the 

collaborative study.  To better inform the subsequent implementation of any 

standard, participants are encouraged to provide to the study organizer any 

information gained through their use of the study materials.  

 It is normal practice to acknowledge participants as contributors of data rather 

than co-authors in publications describing the establishment of the standard. 

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

participants during the preparation of the study report, and also in subsequent 

publications. 

 Participants will receive a copy of the report of the study and proposed 

conclusions and recommendations for comment before it is further distributed. 

 Participants accept responsibility for safe handling and disposal of the materials 

provided. 

The deadline for completed results spread sheets is 4 weeks from receipt of study materials. 

All completed results spread sheets should be returned electronically to:   
Dr Dianna Wilkinson 

Principal Scientist 

Viral Vaccines Section 

Division of Virology 

National Institute for Biological Standards and Control 

Blanche Lane 

South Mimms 

Hertfordshire 

EN6 3QG 

UK 

 

Tel. +44(0)1707 641314 

dianna.wilkinson@nibsc.org 
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