
1 

SARS-CoV-2 head-to-head ‘h2h’ ELISA:  
Project Plan 05-Jun-2020 

 
A collaboration between University of Oxford, Oxford University Hospitals  

NHS Foundation Trust, Public Health England (Porton Down) 
 
CONTENTS 
AIMS   Primary and Secondary Aims   p2 
 
METHODS  List of contributors    p3 
   Sample set     p4-5 
   Power calculations    p6 
   Sample handling and laboratory practice  p6-7 
   Data generation (flow diagram )  p8 
   Evaluation of assay performance  p9 
   Neutralisation assays    p9 
 
ANALYSIS  Analysis plan     p10 
 
TIMELINE  Projected timeframe for work and reporting p11 
 
APPENDIX 1  Characteristics of five commercial assays to be assessed, based on company product literature p12-14 
APPENDIX 2  Manufacturers’ appraisal of assay performance       p15-18 
APPENDIX 3  Details of sample handling for laboratory team in Oxford      p19-23 
APPENDIX 4  External evaluations of assay performance, a systematic literature review    p24-41 
 
REFERENCES p42-43 
 
 



2 

1. AIMS 
 
Primary Aim: 

● Generate sensitivity and specificity metrics, with tight confidence intervals, for widely available commercial ELISA platforms (n=4) and a 
new high-throughput ELISA (384-well format) set up in Oxford, based on a target product profile being developed by the MHRA for 
samples collected ≥14 days after diagnosis of SARS-CoV-2 infection. 

● Commercial platforms to be assessed are Abbott, Roche, Siemens and DiaSorin; the details of each platform is set out in Appendix 1, 
with existing published metrics in Appendix 2. 

 
Secondary Aims: 

● Extend the analysis to include samples collected <14 days from diagnosis, and to review longitudinal (within-host) evolution of antibody 
titres. 

● Deconvolute the data using patient metadata where available (age, sex, RT-PCR result, symptoms/severity). 
● As a follow-up experiment (Phase 2), we will be able to compare the results of commercial platforms with output from neutralisation 

assays (using live virus and/or pseudovirus particle), for selected samples. 
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2. METHODS 
Contributors: This project is being undertaken through a partnership between the University of Oxford, Oxford University Hospitals NHS 
Foundation Trust, and Public Health England (Porton Down), at the request of the Department of Health and Social Care (DHSC).  
 
Individuals involved in each phase of the project are listed as follows, with input and support from laboratory scientists and clinical 
biochemistry/microbiology 

Location Delivery Analysis Review 

PHE Porton Down 

Dr Tim Brooks 
Dr Abbie Bown 
Dr Cathy Rowe 
Dr Bassam Hallis 
Dr Richard Vipond 
Dr Peter Hammond 
Alex Sienkiewicz 

Dr Nick Gent 
Alex Sienkiewicz 

At least two independent external 
reviewers will assess the data 
and analysis prior to release 

Oxford 

Prof Derrick Crook 
Dr Nicole Stoesser 
Dr Philippa Matthews 
Dr Alex Mentzer 
Dr Sarah Hoosdally 
Dr Dan Ebner 
Dr Alison Howarth 
Dr Sheila Lumley 
Dr Tim James 
Dr Monique Andersson 

Led by Dr David Eyre and Prof Tim Peto, with 
contributions from Prof Derrick Crook, Dr 
Nicole Stoesser, Dr Philippa Matthews 
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Sample set: We will evaluate platforms based on an assimilated sample bank, comprising serum or plasma samples collected from adults, that 
have been stored in aliquots of 0.5-2ml at -20�. A detailed plan listing the numbers and volumes of sample handling, and showing the flow of 
samples through the ELISA platforms, is set out in the figure on page 8. Samples are classified as follows: 
 
(i) Positive set:  
We will use serum or plasma that has been collected from individuals who have had confirmed SARS-CoV-2 infection on the basis of an RT-PCR 
positive throat/nose swab. This will be supported in all cases by clinical and laboratory metadata confirming the positive throat/nose swab RT-
PCR, date of RT-PCR, and date of collection of blood sample for serology. Where available, we will also record details of symptoms/severity and 
underlying conditions that may be relevant (e.g. immunocompromise). Positive samples have been assimilated via two routes: 
 

(a) Samples from staff and patients who have been recruited into existing clinical studies at Oxford University Hospitals NHS Foundation 
Trust, within several cohorts: 

Nature of cohort Recruitment and study details Study ID prefix Material available for study* 

Acute COVID-19 
patients 

Patients admitted to hospital with COVID-19 infection recruited 
into the Sepsis Immunomics study 

UKCOV  
 
386 samples in total 
 
191 unique patients sampled at time 
points ≥14 days* 

Healthcare 
workers  

Staff members recruited either 7-20 days following positive test 
or acutely after positive test if asymptomatic; referred through 
Occupational Health and recruited under the GI-Biobank 

GI 

Convalescent 
individuals 

Individuals followed up post-diagnosis, and recruited under 
Sepsis Immunomics and ISARIC protocols ≥28 days after 
onset of symptoms 

C-CoV19 and 
RTH08-  

* To evaluate performance characteristics set out by MHRA, this subgroup of 191 meets the criteria for primary analysis 
 

(b) A convalescent sample set provided by NHS Blood and Transplant (NHBST). 379 samples have been selected for this study on the 
grounds of a confirmed SARS-CoV-2 diagnosis, and sufficient sample volume (≥1.4ml). All samples have a confirmed interval of ≥28 days 
between diagnosis and blood sample collection. 

  
(ii) Negative set:  
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Samples collected >6 months prior to pandemic, supplied by the Oxford Biobank (n=1000).  
Samples were taken from healthy individuals aged 30-50 years of age, from Oxfordshire, UK.  
 
(iii) Calibration / control samples: 

● IgG positive material has been provided by NHSBT (Sample ID numbers 10062, 10061, 10063), representing a spectrum of low, medium 
and high titre antibodies originally determined using the EuroImmun Assay. We have not been able to use NIBSC controls as part of the 
sample set for this work given the restricted volumes of this material that are currently available, but we have developed a secure 
understanding of the performance of these controls in comparison to NIBSC controls using the high throughput ELISA platform. 

● We have received written confirmation that NIBSC agrees with the proposal to use the Oxford plasma “high level standard 10062” in this 
performance comparison analysis. This is a pragmatic approach to conserve the stocks of NIBSC’s 20/130 research reagent which has 
high global demand, with a view that the 10062 standard will be calibrated to a WHO International Standard (IS) when the IS is 
established. 

● This 10062 “standard” can be used as an external common reference against which all data can be reported as a relative potency in 
quantitative assays.  This can be done by a simple ratio (fold difference to the standard) for example at a given titre point or a mean of 
values on the linear part of a titration curve if using a quantitative assay.  Such an approach can harmonise datasets considerably and 
allows for comparisons of assay readouts. For qualitative assays, a titration of the 10062 may be used to determine assay cut-off. 

● We will include a negative control taken from a healthy pre-pandemic NHSBT plasma donor (BD01) 
● A neat sample and serial dilutions 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128  of the positive calibration material will be evaluated on triplicate on 

each ELISA platform (dilution series selected to evaluate the dynamic range of each assay and limits of detection). 
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Required performance and statistical power 
MHRA are setting requirements for commercial laboratory ELISA in a Target Product Profile (TPP; in draft). Suggested profiles for lateral flow 
assays have suggested these should perform with 98% sensitivity (95% CI 96-100%) and 98% specificity (95% CI 96-100%). We have 
considered the sample numbers required to power our analysis (with appropriate confidence intervals) based on the assay performance metrics 
released by the manufacturers (Appendix 2).  
 

 

 
 
Based on 80% power, (with ɑ=0.05): 

● 316 samples powers us to show a lower confidence interval of 
96% if the actual sensitivity is 98.7% 

● 276 samples powers us to show a lower confidence interval of 
96% if the actual sensitivity is 98.9% 
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Sample handling and laboratory practice 
All samples have been stored in aliquots of 0.5-2ml at -20� prior to the study. Following thawing of the samples, they will be spun for 10 mins at 
1844 G (5000rpm on benchtop microfuge) and the supernatant removed into a fresh tube for laboratory work. No further freeze/thaw steps will be 
undertaken and samples will be held at 4�, aiming to process all material within 7 days (but up to a maximum of 10 days). Samples will be 
labelled by barcode, and transport between sites will be by professional courier company at 4� on wet ice.  
 
Processing of aliquots will be undertaken by experienced teams of scientists, and the ELISA laboratory work will be undertaken by teams with 
substantial practical experience, in accredited laboratory spaces. We will avoid handling of negative and positive samples together on the bench 
to avoid the risk of cross-contamination. Samples will be transferred into Inpeco tubes or other plasticware approved by the manufacturers for 
use on their platforms (see photos, Appendix 3).  
 
The protocol is to be shared with the manufacturers in advance, and technical input into set-up, maintenance and validation of the assay 
platforms has been provided by the manufacturers.  
 
Residual primary sample will be retained to allow repeat analysis in case of any concerns around discordant results, sample handling etc., which 
can be undertaken within the constraints of sample volume.   
 
Addresses for laboratory work:  

Porton Oxford 

Rare and Imported Pathogens Laboratory 
Public Health England 
Porton, Salisbury, Wiltshire, SP4 0JG 

Level 7, Microbiology and Level 4, Biochemistry 
John Radcliffe Hospital 
Headley Way, Headington, Oxford OX3 9DU 

 
  



8 

Data generation: A detailed plan of the workflow is presented below, with further details for laboratory teams in Appendix 3.  
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Evaluation of assay platforms 
● We will generate a quantitative result for SARS-CoV-antibody detection using each of 5 commercially available tests (Appendix 1), in 

parallel with a new high throughput ELISA assay, using 1000 negative (pre-pandemic) + 765 positive (confirmed SARS-CoV-2 infection) 
samples. Commercial platforms will be handled according to manufacturers’ instructions.  

● We will use control sera provided by NHSBT in an 8-point dilution series in phosphate buffered saline (PBS), which will be run in triplicate 
on each ELISA platform at different times over a period of 5-7 days. 

● Commercial platforms to be run at John Radcliffe Hospital, Oxford: Abbott, DiaSorin 
● Commercial platforms to be run at PHE Porton Down: Roche, Siemens. 
● Samples will also be aliquotted into 384 well plates using a liquid handler (Janus) at the John Radcliffe Hospital, and transferred to the 

Target Discovery Institute (Old Road Campus, Oxford) to be run on the new high throughput ELISA, using the same control samples at 
relevant dilutions (optimised for the platform), a titration of a monoclonal antibody (CR3022), ± standard NIBSC controls (depending on 
availability of material). This assay detects antibody to SARS-CoV-2 Spike protein S1/S2, assaying antibody from a 1ul sample. Validation 
is currently underway, with publication of sensitivity and specificity values pending (anticipated week commencing 8th June).  

● Protocol for sample fails is one attempt to re-run; if a second fail is recorded, then this sample will be logged as failed. 
● Samples recording an antibody titre above the upper limit of quantification will be recorded accordingly (no plans for dilutions to be 

undertaken).  
● We will record an audit trail for each sample through the pipeline.  
● Residual sample volumes will be used to generate 75ul aliquots in 96 well plates for subsequent neutralisation assays, and then stored at 

-20� to allow us to return to selected samples if required.  
● Data will be collated in Oxford based on return of individual .csv or .xls files for each platform independently.   

 
Neutralisation assay 
Following the completion of ELISA datasets and analysis, as a secondary aim, we can further evaluate samples using neutralisation assays 
(either a pseudovirus neutralisation platform at the Medawar Building in Oxford, and/or a live virus neutralisation assay at PHE Porton Down). 
This is dependent on the volume of available material, and samples may be selected based on read-outs from on the ELISA platforms.  
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3. ANALYSIS PLAN: 
Data analysis will be undertaken in two phases (i) internal data cleaning, analysis and review by the team at Oxford University, and (ii) an expert 
external peer review to scrutinise the process, dataset, statistical approaches and presentation of results.  
 

1. Data handling 
a. Data will be downloaded, cleaned and stored independently for each platform. We will first undertake an analysis of the 

performance of each platform independently, anticipating a completed description of data for that platform before any data are 
pooled across platforms. 

b. Data will be divided into two sets for analysis: (i) Primary analysis based on a stringent sub-group as defined by MHRA (one 
sample per individual, sample collected ≥14 days post diagnosis), (ii) Secondary analysis including earlier time-points and 
longitudinal sampling 

2. Basic laboratory performance of assay: we will assess the performance of controls and distribution of data, assessment of failed 
samples (proportion of samples, consistency of fails between platforms, shared attributes of failed samples) 

3. Primary Analysis: metrics for each assay will include sensitivity and specificity for samples collected ≥14 days (using the timepoint 
closest to 28 days for patients with more than one sample included) to be determined based on the positive/negative threshold published 
by the manufacturer, (using each sample’s a priori designation as positive or negative as the point of reference), with 95% confidence 
intervals. Comparison between assays will be undertaken to determine consistency of performance.  

4. Secondary Analysis: (where possible) 
a. We will use sample metadata to interrogate discrepant results (false positive and false negative) and discordant results 

(disagreements between platforms). 
b. Quantitative outputs from platforms will be used to construct ROC curves to allow future representation of sensitivity/specificity 

trade-offs and consideration of threshold (positive/negative, ± equivocal) for each assay. 
c. We will determine the performance metrics (with a focus on sensitivity) of each platform at earlier timepoints (<14 days), and plot 

the dynamics of antibody titres in longitudinal sample set. 
 

External review will be applied to the above data and analysis prior to sharing more widely.  
We will also compare our results to those generated from a systematic literature review (Appendix 4) to help to develop a broader picture of 
assay performance, including consideration of sources of error or bias in different settings.  
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4. ANTICIPATED TIMELINE 
A provisional timeline has been defined for May-June 2020, based on likely progress, but may be amended slightly dependent on the time taken 
to prepare sample aliquots and run all assays.  
 

● 27 May - 2 June:  Development of project plan 
● 29 May - 3 June:  Assimilate sample banks and supporting metadata at JR Hospital, Oxford, and PHE Porton Down 
● 4 June:  Share project plan with manufacturers of assay platforms and DHSC 
● 3-8 June:  Aliquot and bar code samples in Oxford and Porton 
● 3-8 June:  Sample exchange in batches as they are generated, shipped on wet ice by a professional courier company.  

From Porton to Oxford (NHSBT samples) 
From Oxford to Porton (negative control set and positives from clinical cohorts) 

● 4-12 June:  Run samples on commercial platforms, according to manufacturers’ instructions 
TDI high throughput ELISA  

● 12-15 June:   Data analysis and preparation of internal report  
● 15-17 June:  Project review by external independent reviewers 
● 18-19 June:   Formal report completed for presentation to DHSC, MHRA, and industry 
● 19-25 June:  Preparation of a scientific paper, aiming to share in the public domain on a preprint server (MedRxiv) followed by 

submission to a peer reviewed journal.  
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APPENDIX 1: Characteristics of five commercial assays to be assessed, based on company product 
literature 
 
Instrument Viral 

target/ 
Antibody 

Assay type Sample material Sample volume Sample 
throughput 

Testing time 
(per sample) 

Calibration Interpretation 

Abbott 

Architect 
i2000SR 

Nucleo- 
capsid 
protein/ 
IgG 

Chemilumines
cent micro- 
particle 
immuno- 
assay  
 
Indirect  

Serum, serum 
separator tube and 
plasma (ACD, CPD, 
CPDA-1, 
dipotassium EDTA, 
tripotassium EDTA, 
lithium heparin, 
lithium heparin 
separator tube, 
sodium citrate, 
sodium heparin) 

Routine setting: 
150µL for first 
test 
25µL for 
subsequent 
replicates  
Priority setting: 
75µL for first test 
25µL for 
subsequent 
replicates  

4000 samples 
in 24 hours 

29 minute 
time to first 
result 

 2 controls 
 
Calibration 
every 7 days 

<1.4 Negative 
≥1.4 Positive 
 

Diasorin 

Liaison XL Spike 
protein 
S1/S2/ 
IgG 

chemiluminesc
ent 
immunoassay 
(CLIA)  

Serum, plasma 
(sodium heparin, 
lithium heparin, 
potassium EDTA) 

170 µL (20µL 
specimen, 150µL 
dead volume) 

Up to 170 
tests/hr 

 35 minutes   Negative (<12.0 
AU/mL) 
[Equivocal 
(12.0 ≤ x <15.0 
AU/mL)] 
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Positive (≥15.0 
AU/mL 
 

Roche Elecsys® 

cobas e 411 
analyzer, cobas 
e 601 / cobas e 
602 modules, 
cobas e 801 
module 

Nucleocap
sid protein  

Electro- 
chemiluminesc
ence 
immunoassay 
(ECLIA) 
 
Double- 
antigen 
sandwich 
assay 

Serum collected 
using standard 
sampling tubes. Li-
heparin, K2-EDTA 
and K3-EDTA 
plasma. 

20 µL cobas e 
411 analyzer, 
cobas e 601 / 
cobas e 602 
modules 
 
12 µL cobas e 
801 module 

 18 minutes 2-point 
COI* < 1.0 = 
non-reactive 

COI ≥ 1.0 = 
reactive 

  

Siemens 

Atellica Solution 
immunoassay 
analyzer 
OR 
ADVIA Centaur 
XP and XPT 
analyzers 
OR 
Dimension/Dim
ension Vista 

S1 RBD 1�step antigen 
sandwich 
immunoassay 
using 
acridinium 
ester 
chemiluminesc
ently labelled 
antigens 

Serum and plasma 
(potassium EDTA 
and lithium heparin) 
  

Atellica  50 µL 
sample volume  
50 µL dead 
volume (total 
>100 µL) 

250/hr 10-14 minutes 
(Atellica) 
Or 18 minutes 
(ADVIA) 

2-point 
supplied for 
use with each 
kit as defined 
in IFU 

Nonreactive: < 
1.0 Index 
  
Reactive: ≥ 1.0 
Index 
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APPENDIX 2: Manufacturers’ appraisal of assay performance 
 
(i) Assessment of specificity  

Platform Cohort Sample number Reactive/ positive Specificity  
(95% CI) 

Abbott Pre-COVID-19 outbreak 997   4 99.60% (98.98, 99.89) 

Other respiratory illness 73 0 100.00% (95.07, 100.00) 

Total 1070 4 99.63% (99.05, 99.90) 

DiaSorin Liaison SARS-
CoV-2 S1/S2 IgG 

Laboratory routine 90  1 98.9% (94.0, 99.8) 

Blood donors 1000 Equivocal 8 
Positive 7 

98.5% (97.5, 99.2) 

Total (calculated from above) 1090 1074 98.5% (97.6, 99.2) 

Roche Elecsys® 

  
  
  
  
  

Diagnostic routine 3420 7 99.80% (99.58, 99.92) 

Blood donors 1772 3 99.83% (99.51, 99.97) 

Common cold panel 40 0 100% (91.19, 100) 

Coronavirus panel 40 0 100% (91.19, 100) 

Diagnostic routine 3420 7 99.80% (99.58, 99.92) 
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Total 5272 10 99.81% (99.65, 99.91) 

Siemens* Apparently Healthy 993 2 99.80 (99.27, 99.98) 

Apparently Healthy Pregnant Women 98 0 100% (96.32, 100) 

Total 1091 2 99.82 (99.34, 99.98) 

Other illness 91 0 Not stated formally (17 diseases 3-
10 samples of each) 
Calculated from figures as: 
100% (96.0, 100.0) 

  
* Siemens data provided by PHE, not in public domain 
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(ii) Assessment of sensitivity 
  

Platform Cohort Sample number 
tested 

Reactive/ 
positive 

Percent positive agreement (PPA) or 
sensitivity (95% CI) 

Abbott 
  
  

<3 days post-symptom onset  4 0  0.00% (0.00, 60.24) 

 3-7 days post-symptom onset  8 2  25.00% (3.19, 65.09)  

 8-13 days post-symptom onset 22 19 86.36% (65.09, 97.09)  

≥14 days post-symptom onset 
88 88 (if 5 samples 

from 1 
immunocompro
mised patient 
were removed 
from the 
evaluation) 
 
83 (including 5 
samples from 
immunocompro
mised patient) 

100.00% (95.89, 100.00) 
 
 
 
 
 
 
 
96.77% (90.86, 99.33) 

DiaSorin Liaison SARS-
CoV-2 S1/S2 IgG 
  

 ≤5 days days from diagnosis (RT-PCR)  44  11 25.00% (14.57,  39.44) 

 6-14 days from diagnosis (RT-PCR)  18  16 89.80% (78.24,  95.56) 
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≥15 days from diagnosis (RT-PCR) 14 14 97.56% (87.40, 99.57) 

Roche Elecsys® ≤6 days from diagnosis (RT-PCR) 116 76 65.5% (56.1, 74.1) 

7-13 days from diagnosis (RT-PCR) 59 52 88.1% (77.1, 95.1) 

≥14 days from diagnosis (RT-PCR) 29 29 100% (88.1, 100) 

Siemens* ≤ 6 days from diagnosis (RT-PCR) 89 54 60.67% (49.75, 70.87) 

7-13 days from diagnosis (RT-PCR) 119 116 97.48% (92.81–99.48) 

≥ 14 days from diagnosis (RT-PCR) 42 42 100.00% (91.59, 100.00) 

  
* Siemens data provided by PHE, not in public domain 
 N/S - Not stated in product literature 
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APPENDIX 3: Details of sample handling for laboratory team in Oxford 
 
Aliquots of COVID-19 positive samples: 
Current stipulation for this work to be undertaken in Class II safety hood. 
Priority work is aliquots for serology. Samples for additional studies could be generated subsequently.  

Tube/plate type Volume Destination/study Sample 
labelling 

Notes 

(i) Inpeco tubes 
With LIMS biochemistry 
sticker 

1ml Level 4 biochemistry for Abbott and 
Diasorin,  
(then return to Janus to be aliquoted 
and residual sample in Inpeco tube 
to be capped and sent to Porton) 

Biochem test 
labels  

Manual stage 
Also include control samples at same 
volume 

(ii) 384 well plate for high 
throughput ELISA in 
Oxford 
 

20ul  TDI Janus will 
use LIMS 
barcodes 

Routine set up with controls etc as per 
regular TDI plates 

(iii) 96 well plate for 
neutralisation assay 

75uL To be frozen, pending transfer for 
neutralisation assays 

Janus will 
use LIMS 
barcodes 

To be undertaken at Medawar Building 
Oxford (pseudovirus), or PHE Porton 
Down (live virus) 

1ml sample NOT FOR SEROLOGY (suggested that we should freeze the sample after requisite volume has been taken for serology; sub-aliquotting for 
these studies may be deferred) 

(i) screw-topped tube - 
Sarstedt 

500 uL ‘Luminex’  to go to WIMM later in 
week 

   Manual stage 

(ii) screw-topped tube -
Sarstedt 

300uL ‘ACE2 antibody’ to go to WIMM later 
in week 

   Manual stage 

(iii) screw-topped tube 
Sarstedt 

150uL ‘Soma-Logic’ to be shipped later to 
WHG later in week 

   Manual stage 
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(iv) screw-topped tube - 
Sarstedt 

50 uL ‘MS proteomics’ to be shipped to TDI 
later in the week 

   Manual stage 

(v) Residual sample 500 uL Autoantibody testing Clinical 
Immuonology 

  If surplus sample from combination of all 
sub aliquots 

 
Aliquots of COVID-19 negative samples (Oxford Biobank) 
Approx 536 samples 1x 500uL, 468 samples 2x 300uL 

 

Tube/plate type Volume Destination/study Sample 
labelling 

Notes 

(i) 384 well plate for high 
throughput ELISA in 
Oxford 
 

20ul  TDI Janus will 
use LIMS 
barcodes 

Routine set up with controls etc as per 
regular TDI plates 

(ii) Inpeco tubes 250-300ul 
(use entire 
sample) 

1 tube set for Oxford 
1 tube set for Porton 

Biochem test 
labels  

Two duplicate sample sets to be 
generated on Janus 

Residual sample (after 
running commercial 
assays in Oxford) 

Approx 500ul Retain in Inpeco tube ? and refreeze Retain 
original label 

A subset will be selected to be picked on 
the Janus for neutralisation assays - at a 
future date 

 
Control material:  
All sample sets should include four NHSBT controls, representing an eight point dilution of high, medium and low titre convalescent samples (-
61,-62,-63) and a pre-pandemic negative control (BD-001), with the same volume in the same tube format.  

ONE CONTROL SET FOR PORTON (25 tubes) 
 ONE CONTROL SET FOR OXFORD (25 tubes) 

Add to plates for neutralisation assay (same volume as test sera) 
Routine control material to be added to 96 well plates for TDI ELISA as per regular protocol 

 
In addition, the plates run at TDI will have NIBSC controls and monoclonal antibody dilution added (at TDI) 
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Examples of plasticware used for commercial platforms 

(i) Inpeco tube (ii) Liaison hanging cup in carrier 
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Specimen requirements 
 

 Specimen storage/transport Freeze/thaws 

Abbott Room temperature (15 to 30°C): 2 days 
 
2 to 8°C: 7 days 
 
If testing will be delayed more than 7 days, it is recommended to 
store frozen.  
 

Frozen specimens subjected to up to 2 
freeze/thaw cycles  
 
Do not use pooled specimens 

Diasorin Specimens may be shipped in dry ice (frozen), in wet ice (for 2°-8°C) 
or at room temperature (20°-25°C) 
 
If the assay is performed within seven days of sample collection, the 
samples removed from red cells, clot or gel separator may be kept at 
2°-8°C; otherwise they should be aliquoted and stored deep-frozen 
(–20°C or below). 
 

Multiple freeze thaw cycles should be 
avoided. If samples are stored frozen, mix 
thawed samples well before testing. 
 
(2 freeze thaw cycles not detrimental) 

Roche Stable for 3 days at 15�25 °C, 7 days at 2�8 °C, 28 days at �20 °C 
(± 5 °C).  

The samples may be frozen once. 
Centrifuge samples containing precipitates 
and thawed samples before performing the 
assay. 

Siemens Store specimens at 2-8oC if not testedwithin 8 hours after collecting. 
Freeze samples at < -20oC for longer storage. 

Thawed frozen specimens must be clarified 
by centrifugation prior to testing. 
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APPENDIX 4: External evaluations of assay performance 
 
PubMed search terms: 
Search date: up to and including 30/May/2020 
(SARS-CoV-2) AND ((ELISA) OR (EIA) OR (CLIA) OR (FIA) OR (IFA) OR (IgG)) - 119 results 
 
PubMed search terms in detail: 
(("severe acute respiratory syndrome coronavirus 2"[Supplementary Concept] OR "severe acute respiratory syndrome coronavirus 2"[All Fields]) 
OR "sars cov 2"[All Fields]) AND (((((((((("elisa s"[All Fields] OR "elisas"[All Fields]) OR "enzyme-linked immunosorbent assay"[MeSH Terms]) OR 
(("enzyme linked"[All Fields] AND "immunosorbent"[All Fields]) AND "assay"[All Fields])) OR "enzyme linked immunosorbent assay"[All Fields]) 
OR "elisa"[All Fields]) OR "EIA"[All Fields]) OR "CLIA"[All Fields]) OR "FIA"[All Fields]) OR "IFA"[All Fields]) OR "IgG"[All Fields]) 
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BioRxiv search terms: 
Search date: up to and including 30/May/2020 
(SARS-CoV-2) AND ((ELISA) OR (EIA) OR (CLIA) OR (FIA) OR (IFA) OR (IgG)) - 133 results 
MedRxiv search terms: 
Search date: up to and including 31/May/2020 
(SARS-CoV-2) AND ((ELISA) OR (EIA) OR (CLIA) OR (FIA) OR (IFA) OR (IgG)) - 171 results 
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Published evaluations by Public Health England (PHE) and the US Food and Drug Administration (FDA) also considered and included (date of 
review: 03/June/2020). 
 
Assessment of specificity  

Publication DOI/URL Cohort Sample 
number 

Reactiv
e/ 
positiv
e 

Specificity % 
(95% CI) 

Notes 

Abbott 

10.1128/JCM.01029-20 RT-PCR-negative for SARS-CoV-2, 
PCR (Respiratory Panel 2, Film 
Array, BioFire Diagnostics) positive 
for other seasonal coronaviruses. 
 
Plasma samples taken >4 weeks 
after the positive respiratory PCR 

9 0 100%  
(66.3,100) 

Very small study focused on analytical 
specificity. 

10.1093/clinchem/hvaa12
0 

Control specimens included: 
80 patients symptomatic but PCR 
negative for SARS-CoV-2; 50 serum 
specimens collected and frozen in 
2015 before the emergence of 
SARS-CoV-2; 5 specimens from 
patients with other coronaviruses 
confirmed by molecular testing but 
PCR negative for COVID-19 
(including Coronaviruses HKU1, 
NL63, and 229E); 4 specimens from 
patients with Influenza A or B.  

153 1 99.4%  
(96.41, 99.98) 

The single positive was a patient with a 
consistent syndrome and “prolonged 
exposure to a family member with PCR 
confirmed COVID-19” 
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14 specimens with potentially 
interfering antibodies were also 
included: 5 were positive for CMV 
IgG, 3 were positive for EBV VCA 
IgG, 3 were positive for EBV VCA 
IgM, 2 were positive for both EBV 
VCA IgG and IgM, and 1 was 
positive for rheumatoid factor 

10.1128/JCM.00941-20 Pre-pandemic specimens 2018-2019 
sent to the clinical laboratory 

1020 1 99.9%  
(99.5, 100) 

Proposed the use of AUC analysis to adjust 
thresholds: “These analyses indicated that 
optimal thresholds for the serologic diagnosis 
of SARS-CoV-2 was 1.42-1.49 at ≥ 17 days 
from symptom onset (sensitivity and 
specificity 100%); 0.7 at ≥ 14 days from onset 
(Sens 97.9%, Spec 99.6%); 0.7 at ≥ 10 days 
from onset (Sens 94.4%, Spec 99.6%); and 
0.7 at ≥ 7 days from onset (Sens 88.0%, 
Spec 99.6%)” 

https://doi.org/10.1101/20
20.05.18.20101618 

Pre-pandemic samples from 2018-
2019 
81 from 81 individuals 
including: 
39 samples had autoantibodies 
3 acute EBV 
4 acute coronavirus 
35 from patients with respiratory 
infection 

81 NA 95.1%  
(NA) 

 

https://assets.publishing.s
ervice.gov.uk/government

Total 
 

757 
samples 

0 
 

100% (97.79-
100) 
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/uploads/system/uploads/
attachment_data/file/8872
21/PHE_Evaluation_of_A
bbott_SARS_CoV_2_IgG.
pdf 

 
 
 
 
 
Negative samples- historic samples 
(samples stored before mid-2019) 
 
 
 
Confounder negative samples 
(rheumatoid factor, CMV, EBV or 
VZV positive) 
 
Seasonal coronavirus positive 
samples 

(Unknown 
number of 
individuals) 
 
395 
samples 
 
 
 
351 
samples 
 
 
11 samples 
 
 

 
 
 
 
 
0 
 
 
 
 
0 
 
 
 
0 

 
 
 
 
 
100%  
(99.1- 100.0) 
 
 
 
100%  
(71.5- 100.0) 
 
 
100%  
(99.0- 100.0) 

DiaSorin Liaison SARS-CoV-2 S1/S2 IgG 

10.1515/cclm-2020-0594 Total 
 
Confounders: COVID-19-negative 
but who had other viral, bacterial, 
parasitic or autoimmune pathologies 
 
Other coronavirus infection: COVID-
19-negative patients but positive to 
another strain of coronavirus (NL63 
strain and OC43 strain)  
 
Healthy subjects  
 

81 
 
73 
 
 
 
 
 
2 
 
 
 
 

0 100%  
(95, 100) 

Proposed the use of ROC analysis to improve 
thresholds resulting in specificity of 99% (95% 
CI: 93%–100%) and sensitivity of 100% (95% 
CI: 92%–100%) 
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Sera positive for the following were 
included to assess the possible 
cross-reactivity: HBsAg (n=7), HAV 
IgM (n=3), adenovirus (n=1), HSV 
IgM and CMV IgM (n=1), IgM CMV 
(n=8), IgM parvovirus B19 (n=5), HIV 
(n=1), ASLO (antistreptolysin O) 
(n=4), anti-Treponema pallidum 
antibody (n=1), IgG Borrelia (n=1), 
IgM Mycoplasma pneumoniae 
(n=10), Toxoplasma gondii IgM 
(n=16). The cross-reactivity of the 
following autoimmune pathologies 
was also assessed: rheumatoid 
factor (n=1), anti-TPO antibody 
(n=7), RAI (search for irregular 
agglutinins) (n=4), direct coombs 
(n=1). One serum with a high level of 
total IgM (9.01 g/L) (normal range: 
0.40–2.30 g/L), one serum with high 
total IgA (4.47 g/L) (normal range: 
0.70–4.00 g/L) and six sera from 
COVID-19-negative healthy subjects 
were included in the study. In these 
six sera, residues from old viral 
infections were present: IgG 
parvovirus B19 (n=1), VCA and IgG 
CMV (n=2), IgG HZV and IgG 

 
 
6 
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Rubella (n=2), HBV antibody (n=1). 
All these samples were collected in 
2019 before the start of the COVID-
19 outbreak and were stored at −20 
°C. 

https://doi.org/10.1101/20
20.05.19.105445 

Pre-pandemic serum samples 
(routine laboratory, 2011)  
 
Individuals with other coronavirus 
infections 
 
SARS-CoV-2 RT-PCR negative 
patients 
 
SARS-CoV-2 microneutralisation 
antibody negative samples 
 
All negatives 

1140 
 
 
 
10 
 
 
50 
 
 
180 
 
1380 

 98.5% (97.6, 
99.1) 
 
 
 
 
 
 
 
 
 
 
98.1% (97.2, 
98.8) 

 

https://doi.org/10.1101/20
20.05.18.20101618 

Pre-pandemic samples from 2018-
2019 
81 from 81 individuals 
including: 
39 samples had autoantibodies 
3 acute EBV 
4 acute coronavirus 
35 from patients with respiratory 
infection 
Unclear which subset of 70 samples 
were used (insufficient sample to test 

70 NA 94.9% (NA)  
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all in the evaluation) 

https://doi.org/10.1101/20
20.05.22.20106328 

Total 191 individuals (negative by 3 
sequential RT-PCR results) 
 
 
 
 
 
 
 
 
Blood donors from 2015 
 
Patients with autoimmune disease 
 
Healthcare workers  

n= ? 
negative 
samples 
 
131 (pos 
and neg) 
samples 
from 271 
individuals  
 
 
 
 
101 
individuals 
 
19 
individuals 
 
 
71 
individuals 
 

 96.8 (89.0-
99.6) 
 

Number of samples and individuals tested not 
clear. Not specified which subset of positive/ 
negative individuals/samples used. 
 
Using optimised thresholds: 88.9% (78.4- 
95.4) 
 
 
 

https://doi.org/10.1101/20
20.04.23.20077156 

Serum and plasma from people 
exposed to a human coronavirus 
(HCoV-229E, NL63 or OC43), 
SARS, MERS, or with a range of 
other respiratory viruses, and 
patients with recent CMV, EBV or M. 

69 1 98.55% 
(92.24, 99.93) 
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pneumoniae infection. 
(69/147 negatives run on Liaison) 

Roche Elecsys® 

https://assets.publishing.s
ervice.gov.uk/government
/uploads/system/uploads/
attachment_data/file/8872
22/PHE_Evaluation_of_R
oche_Elecsys_anti_SARS
_CoV_2.pdf Accessed 
3/6/20 

Total 
 
Confounder negative samples- from 
the Sero-Evaluation Unit (SEU), 
Manchester that are rheumatoid 
factor (12 samples), CMV (6 
samples), EBV (19 samples) or VZV 
(13 samples) positive. All but one 
were negative using the EuroImmun 
IgG assay  
 
Porton negative samples- from the 
RIPL 2015 Lyme disease negative 
sample collection  
 
Manchester negative samples- 
historic samples from the 
Seroepidemiology Unit (SEU) 

472 
samples 
 
50 samples 
 
 
 
 
 
 
 
35 samples 
 
 
 
 
387 
samples 

0 
 
 
0 
 
 
 
 
 
 
 
0 
 
 
 
 
0 

100% (99.1-
100) 
 
Not reported 
individually 
 
 
 
 
 
 
Not reported 
individually 
 
 
 
100% (99.1- 
100.0) 

 
 
 
100% (95.8- 100.0) for Confounder and 
Porton sample sets (n=85) combined 

Siemens 

No additional published 
data available at the time 
of review 
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Assessment of sensitivity 

Publication DOI Cohort Sample 
number 

Reactive/ 
positive 

Sensitivity 
(95% CI) 

 

Abbott 

10.1093/clinchem/hvaa12
0 

 
 
 
 
 
Post-symptom onset: 
<3 days post-symptom onset 
 
3-7 days post-symptom onset  
 
8-13 days post-symptom onset 
 
≥14 days post-symptom onset 
 
 
Post-positive PCR: 
<3 days post-positive PCR 
 
3-7 days post-positive PCR 
 
8-13 days post-positive PCR 
 
≥14 days post-positive PCR 

103 specimens 
from 48 
individuals 
 
 
 
12 
 
6 
 
 
23 
 
48 
 
 
 
42 
 
22 
 
23 
 
16 

 
 
 
 
 
 
0 
 
20 
 
 
11 
 
45 
 
 
 
20 
 
13 
 
16 
 
13 

 
 
 
 
 
 
0% (0.00, 26.47) 
 
30.0% (11.89, 54.28) 
 
 
47.8% (26.82, 69.41) 
 
93.8 (82.80, 98.69%) 
 
 
 
47.6% (32.0, 63.6) 
 
59.1% (36.3, 79.3) 
 
69.6% (47.1, 86.8) 
 
81.3% (54.4, 96.0) 
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10.1128/JCM.00941-20 RT-PCR positive, March-April 
2020 
 
 
 
Post-symptom onset: 
≤7 days post-symptom onset 
 
8-10 days post-symptom onset  
 
11-14 days post-symptom 
onset 
 
15-17 days post-symptom 
onset 
 
 
Post-positive PCR: 
≤7 days post-positive PCR 
 
8-10 days post-positive PCR 
 
11-14 days post-positive PCR 
 
15-17 days post-positive PCR 

680 specimens 
from 125 
individuals 

  
 
 
 
 
 
53.1% (39.4, 66.3) 
 
 
82.4% (51.0, 76.4) 
 
 
96.9% (89.5, 99.5) 
 
 
100% (95.1, 100) 
 
 
 
88.7% (78.5, 94.4) 
 
97.2% (90.4, 99.5) 
 
100.0% (95.4, 100.0) 
 
100.0% (95.5, 100.0) 

Proposed the use of AUC analysis to 
adjust thresholds: 
“These analyses indicated that optimal 
thresholds for the serologic diagnosis 
of SARS-CoV-2 was 1.42-1.49 at ≥ 17 
days from symptom onset (sensitivity 
and specificity 100%); 0.7 at ≥ 14 
days from onset (Sens 97.9%, Spec 
99.6%); 0.7 at ≥ 10 days from onset 
(Sens 94.4%, Spec 99.6%); and 0.7 at 
≥ 7 days from onset (Sens 88.0%, 
Spec 99.6%)” 

https://doi.org/10.1101/20
20.05.18.20101618 

RT-PCR positive by one of 
three methods: 
“...cobas® SARS-CoV-2 test 
on the Cobas® 6800 system 
(Roche Diagnostics, Basel, 
Switzerland), Amplidiag® 

70 samples 
from 62 
individuals 

 80.5% (NA)  
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COVID-19 test (Mobidiag, 
Espoo, Finland) and a protocol 
based on Corman et al 
(2020).” 
 

https://assets.publishing.s
ervice.gov.uk/government
/uploads/system/uploads/
attachment_data/file/8872
21/PHE_Evaluation_of_A
bbott_SARS_CoV_2_IgG.
pdf Accessed 3/6/20 

RT-PCR positive, otherwise 
healthy individuals, “14 had an 
onset date ≤14 days prior to 
sample collection and 81 had 
an onset date ≥14 days prior 
to sample collection.” (number 
quoted in text different from 
that in table) 
 
Hospital admission to sample 
date <=10 
 
Asymptomatic 
 
Reported symptom onset to 
sample date 
11-20 days 
 
21-30 days 
 
31-40 days 
 
41-50 days 
 
 
From 14 days 

96 samples, 
unknown 
number of 
individuals 
 
 
 
 
 
 
14 
 
1 
 
 
 
5 
 
31 
 
37 
 
8 
 
82 
 
 

 
 
 
 
 
 
 
 
 
 
10 
 
1 
 
 
 
5 
 
29 
 
35 
 
7 
 
77 
 
 

 
 
 
 
 
 
 
 
 
 
71.4% (41.9, 91.6) 
 
100% (2.5, 100) 
 
 
 
100% (47.8-100) 
 
93.6% (78.6-99.2) 
 
94.6% (81.8-99.3) 
 
87.5% (47.3-99.7) 
 
93.9% (86.3-98.0) 
 
 

It should be noted here that none of 
the patients with previously positive 
PCR who tested negative by this 
assay had been hospitalised for 
COVID-19 disease and most likely 
had a mild disease outcome.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NB reported sensitivities for 14/21 
days are switched in table/conclusion. 
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From 21 days 
 
 

76 71 93.4% (85.3-97.8) 
 
 

 
On the left is data from Table 5. 
Conclusion states: 
“93.4% (95%CI 85.3-97.8) for samples 
collected ≥14 days post symptom 
onset  
93.9% (95%CI 86.3-98.0) for samples 
collected ≥21 days post symptom 
onset.” 

DiaSorin Liaison SARS-CoV-2 S1/S2 IgG 

10.1515/cclm-2020-0594 RT-PCR-positive patients with 
mild, moderate, severe and 
critical infection based on CT 
appearances and clinical 
symptoms 
 
Delay between onset of 
symptoms and RT-PCR was 4 
days (±1 day) 
 
Blood sample “2 weeks after 
the RT-qPCR positive 
detection, and according to the 
manufacturer’s cut-off” 
 
No information on RT-PCR 
test used 

44 40 91% (79, 96) Proposed the use of ROC analysis to 
improve thresholds resulting in 
specificity of 99% (95% CI: 93%–
100%) and sensitivity of 100% (95% 
CI: 92%–100%) 

https://doi.org/10.1101/20 RT-PCR positive patients with 105 samples,    
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20.05.19.105445 moderate/severe disease 
(admission/discharge 
samples) 
 
Microneutralisation antibody 
positive samples 
 
≤5 days post RT-PCR-positive 
 
>5 days post-RT-PCR-positive 

unknown 
number of 
individuals 
 
 
124 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
22.6% (14.2, 33.0) 
 
88.2% (81.3, 93.2) 

https://doi.org/10.1101/20
20.05.18.20101618 

RT-PCR positive by one of 
three methods: 
“...cobas® SARS-CoV-2 test 
on the Cobas® 6800 system 
(Roche Diagnostics, Basel, 
Switzerland), Amplidiag® 
COVID-19 test (Mobidiag, 
Espoo, Finland) and a protocol 
based on Corman et al 
(2020).” 

70 samples 
from 62 
individuals 

 43.8% (NA)  

https://doi.org/10.1101/20
20.05.22.20106328 

80 with at least one positive 
nasopharyngeal swab, 
consisting of:  
 
16 healthcare workers, not 
hospitalised, SARS-CoV-2 
positive 
 
32 hospitalised SARS-CoV-2 
patients with moderate 

n= ? 
 
131 samples 
from 271 
individuals  
run on Liaison 
in total, unclear 
the subset of 
positive/negativ
e used 

 Sens 82.4% (71.2, 
90.5) 
 

Using optimised thresholds: Sens 
97.1% (89.8, 99.6) 
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disease (not requiring 
ventilation) 
 
32 hospitalised SARS-CoV-2 
patients with severe disease 
(requiring ventilation) 

 

https://doi.org/10.1101/20
20.04.23.20077156 

RT-PCR confirmed COVID-19 
patients with different levels of 
disease severity 
 
 
All Severe  
 
 
>14 days post symptoms  

53 samples, 
number 
individuals 
unknown. 
 
53 
 
 
18  

 
 
 
 
 
39 
 
 
17 

 
 
 
 
 
73.58% (60.42, 
83.56) 
 
94.44% (74.24, 
99.72) 
 
 

 

https://www.fda.gov/medi
cal-devices/emergency-
situations-medical-
devices/eua-authorized-
serology-test-
performance Accessed 
3/6/20 

Included here as data different 
from product literature above.  

41 samples 40 97.6% (87.4, 99.6)  

Roche Elecsys® 

https://assets.publishing.s
ervice.gov.uk/government
/uploads/system/uploads/

RT-PCR positive from a swab 
sample  
 

93 samples, 
number of 
individuals 

78 
 
 

83.9% (74.8-90.7) 
 
 

 
 
 



39 

attachment_data/file/8872
22/PHE_Evaluation_of_R
oche_Elecsys_anti_SAR
S_CoV_2.pdf Accessed 
3/6/20 

 
 
Reported symptom onset to 
sample date 
11-20 days 
21-30 days 
31-40 days 
41-50 days 
 
From 14 days 
From 21 days 
 
Hospital admission to 
sample date 
<=10 days 
 
Asymptomatic, not admitted 

unknown 
 
 
 
4 
35 
30 
8 
 
77 
73 
 
 
 
14 
 
2 

 
 
 
 
3 
28 
28 
8 
 
67 
64 
 
 
 
10 
 
1 

 
 
 
 
75.0% (19.4-99.4) 
80.0% (63.1-91.6) 
93.3% (77.9-99.2) 
100.0% (63.1-100) 
 
87.0% (77.4-93.6) 
87.7% (77.9-94.2) 
 
 
 
71.4% (41.9-91.6) 
 
50.0% (1.3-98.7) 

 
 
 

Siemens 

No additional published 
data available at the time 
of review 
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