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Abbreviations 
 
%CV   Percentage Coefficient of Variation 
CLIA   Chemiluminescent Immunoassays 
EIA   Enzyme Immunoassays 
EUL   Emergency Use Listing 
FDA   USA Food and Drug Administration 
IFU   Instructions For Use 
IVD   In-vitro Diagnostic 
LOD   Limits of Detection 
NAT    Nucleic Acid Test 
NRL   National Serology Reference Laboratory, Australia 
RDT   Rapid Diagnostic Tests 
S/Co   Signal to Cut-off 
TGA   Therapeutic Goods Administration 
WHO    World Health Organization  
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Background 
 
SARS-Cov-2, the virus that causes COVID-19, has emerged as a pandemic, infecting more than fifteen 
and a half million people up to July 2020.  Since being first detected late 2019, the diagnosis of 
infection has relied in the detection of viral RNA from respiratory swabs using nucleic acid testing 
(NAT).  The initial laboratory response conducted using laboratory-developed NAT, which have since 
been supplemented or replaced by commercially manufactured tests.   At the same time, many 
serological tests have been released to the market.  The first test kits were mainly lateral flow 
devices (RDTs).  More recently, the major commercial in-vitro diagnostic (IVD) manufacturers are 
releasing assays for use on their high throughput, random access analysers. 
 
Due to the high level of concern regarding the spread of COVID-19, regulators in many countries 
have removed their usual requirement that IVD manufacturers demonstrate evidence of adequate 
performance and quality.  Regulators such as USA Food and Drug Administration (FDA), Australia’s 
Therapeutic Goods Administration (TGA), as well other organisations such as the World Health 
Organization (WHO) prequalification group have opted to have Emergency Use Listing (EUL) of 
COVID-19 test kits, where the manufacturer must show evidence of quality manufacturing processes 
e.g. European Union and Australia require evidence of compliance with ISO 13485 and have the 
device reviewed for safety and labelling and some manufacturer declared performance information.  
The European Union has required manufacturers to submit test kits for registration as a “Self-
declared” product, without a mandatory technical file review.  More recently, some regulatory 
bodies are applying performance quality criteria, and it is expected that, over time, COVID-19 
serology and NAT will be treated like all other infectious disease test kits. At the time of writing, FDA 
has revised its listing and requires independent laboratory evaluations and the TGA has required 
COVID-19 test kits to be listed under the Australian Registry of Therapeutic Goods.  
 
The consequence of the regulators’ decision was to allow numerous manufacturers, many with no 
history of manufacturing test kits for infectious diseases, to rapidly bring to market IVDs.  Since 
January 2020, more than 700 test kits for COVID-19 have been released into the market.  There has 
been some high-profile failures reported in the media..  To date, there is increasing confusion and 
conflicting information about the quality and performance of antibody detection test kits for COVID-
19 and therefore their potential use in the cascade of care for patients. 
 
FIND, funded by WHO, Unitaid and others, is collaborating with several groups to conduct limited, 
clinical performance evaluations of molecular tests and immunoassays, but these studies cannot 
assess the hundreds of commercially-available assays, and though sample characteristics are 
standardized across sites, the studies include limited numbers of specimens.  There have been a 
growing number of published studies of serology test kits evaluated by public health laboratories.  
These studies use specimens of convenience i.e. remnant standard of care specimens and there has 
been evidence of inappropriate interpretation of data, in particular percentage sensitivity, especially 
using specimens obtained from individuals days after being NAT positive and before antibodies had 
sufficient time for development and also disproportionate inclusion of patients with severe disease 
(and heightened immune responses).  Generally, these reports use insufficient numbers of 
specimens for a meaningful and statistically relevant conclusion and for the most part, the volume of 
specimen available does not allow for the comparison of results from multiple tests using the same 
specimens.  These reports also focus on sensitivity and specificity but do not verify other important 
performance characteristics usually required in a manufacturer’s technical dossier on submission to 
a regulator.  These characteristics include precision (repeatability and reproducibility), analytical 
sensitivity, lot to lot variation, robustness, cross reactivity, interference and seroconversion 
sensitivity using seroconversion specimens.  While providing some information, the current reports 
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on test kit performance are for the most part sub-standard and lack completeness and are often 
misleading1. 
 
To address the need for head-to-head performance and quality data on the most promising 
serological tests, WHO is contracting with the National Serology Reference Laboratory, Australia 
(NRL) to undertake an evaluation on up to 40 COVID-19 serology kits using the same specimen 
panels to independently assess their performance and usability to inform potential use in WHO 
member states.  The data generated will be used to guide WHO policy on use of antibody detection 
tests, including testing algorithms and formulation of procurement requirements. It may also be 
used to guide future EUL requirements and/or WHO prequalification should COVID-19 diagnostics 
transition from EUL to full PQ portfolio. 
 
NRL is performing a comparative evaluation of promising antibody detection tests against a well 
characterized panel of COVID-19 seropositive, seronegative, cross reacting specimens and interfering 
substances.  Manufacturers subscribing to the WHO-NRL Evaluation of COVID-19 serology test kit 
evaluations will acquire meaningful and scientifically sound performance data that can be used to 
support the use of the test kit for the intended use.  Manufacturers can include the data for 
regulatory submissions.  However, the evaluation is not intended to replace studies conducted by 
the manufacturer for research and development purposes. 
   
The final compiled results will be made publicly available in a WHO published document and may 
also be published in the scientific literature. All use of the data will be covered in an agreement 
between WHO and participating manufacturers.  
 
Intended Use of Serology Assays 
 
The utility of serological assays for the detection and management of SARS-CoV-2 is yet to be fully 
determined.  Generally, serology assays are used to identify those individuals that have been 
exposed to viral antigens, either by wild type infection of vaccination.  Usually the detection of 
specific antibodies is taken as evidence of immunity.  However, whether this is the case in COVID-19 
is still yet to be determined.  Evidence indicates that the majority of individuals infected with SARS-
CoV-2 produce detectable antibodies.  
 
Serology assays developed vary widely in design, target antigens and antibodies, detection systems 
and methodologies.  The role of each antibody class and their functional reactivity to different viral 
antigens are still being elucidated.  The purpose of this study will be to compare evidence of the 
performance characteristics of each assay included in the study, understand better the potential 
utility of the assays and determine which assays report common false reactivity.  With these data, it 
may be possible to describe appropriate testing algorithms used to maximise sensitivity and 
specificity. 
 
Objectives 
 
COVID-19 serology test kits performance will be evaluated for the following performance 
characteristics: 

• Sensitivity 

• Specificity 

                                                           
1 Deeks  JJ, Dinnes  J, Takwoingi  Y, Davenport  C, Spijker  R, Taylor-Phillips  S, Adriano  A, Beese  S, 

Dretzke  J, Ferrante di Ruffano  L, Harris  IM, Price  MJ, Dittrich  S, Emperador  D, Hooft  L, Leeflang  MMG, Van 

den Bruel  A. Antibody tests for identification of current and past infection with SARS‐CoV‐2. Cochrane 

Database of Systematic Reviews 2020, Issue 6. Art. No.: CD013652. DOI: 10.1002/14651858.CD013652. 
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• Analytical Sensitivity 

• Lot-to-lot Variation 

• Repeatability 

• Reproducibility 

• Cross-reactivity 

• Interference 
 
Study Site 
 
NRL, Australia is an independent, scientific, not-for profit organisation operating as a division of St 
Vincent’s Institute for Medical Research and WHO Collaborating Centre for Diagnostics and 
Laboratory Support for HIV and AIDS and Other Blood-borne Infections, NRL operates under a strict 
quality management system, accredited or compliant with international standards for Good 
Manufacturing Practice, Medical Testing (ISO 15189), as a Proficiency Testing Provider (ISO 17043) 
and Quality (ISO 9001) and Safety Management (AS 4801).    NRL is one of only 14 listed WHO Pre-
qualification evaluation laboratories and is one of only two laboratories listed to evaluate IVD 
performance for all blood borne infectious agents for prequalification assessment. 
 
Safety 
 
All specimens are to be treated as potentially infectious and universal precautions must be used.  
The testing facilities undertake to follow the manufacturer’s IFU and to handle, use, store and 
dispose of all specimens and consumables in accordance with procedures defined by appropriate 
national biohazard safety guideline or regulation.  Any deviations from manufacturer’s IFU will be 
cleared with the manufacturer and duly noted in results. Specimen preparation and, where possible, 
testing, will be performed in a biohazard cabinet Class II and within a BSL-2 testing facility using 
appropriate protective equipment. At a minimum, testing will follow the WHO biosafety guidelines 
related to COVID-19. 
 
Evaluation Proposal 
 
NRL and laboratories within WHO’s reference laboratory network will contribute to the 
development and characterization of a panel of specimen, including providing access to rare samples 
such as SARS-CoV-1 and MERS antibody positive samples. These panels  of samples will be used to 
evaluate relevant performance characteristics of all serology test kits, including RDTs, enzyme 
immunoassays (EIAs) and automated random-access chemiluminescent immunoassays (CLIA) 
instruments.   
 
The evaluation will be conducted as a two-phased evaluation protocol, where the product is 
required to meet certain minimum performance targets before being considered for a subsequent 
phase.  
 
Training 
 
The test kit evaluation will be conducted at the NRL facility or exceptionally at a facility identified by 
NRL (Alternate Site).  The operators conducting the evaluation will be identified by the facility 
management and NRL will provide training on the implementation of the protocol to the nominated 
people. Only those operators having protocol training by NRL will be authorised to conduct the 
testing.  For sophisticated assays, such as high throughput immunoassays, the manufacturer or 
sponsor of the test kit under evaluation will provide technical training to nominated operators prior 
to the evaluation commencing.  It is the responsibility of the manufacturer of sophisticated assays to 

https://www.who.int/docs/default-source/coronaviruse/laboratory-biosafety-novel-coronavirus-version-1-1.pdf
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ensure the operators are sufficiently trained in the performance of the testing, including but not 
limited to, equipment calibration and maintenance, comprehension of instructions for use (IFU), 
interpretations of results, troubleshooting and safety. For other assays (RDT and most EIAs) where 
manufacturers do not usually conduct training for users, the operators will be trained internally 
using the product IFU.  
 
NRL will provide a small validation panel that must be successfully tested by each operator prior to 
commencement of the study.   
 
Specimen Description 
 
IgG Positive specimens - All positive specimens used for sensitivity analysis are serum or plasma 
specimens obtained from individuals having been bled more than 14 days after the onset of 
symptoms and having a confirmed positive by NAT for COVID-19. This amount of time accounts for 
the development of an immune response.  The time between the symptoms and/or NAT positivity 
and the blood specimen will be recorded for all specimens.  All specimens included as IgG positive 
had a positive test result on a CLIA.  Most positive individuals were SARS-CoV-2 IgG positive on 
multiple bleeds obtained from the same individual; however only one bleed was included for each 
individual..  
 
IgM Positive specimens  All IgM positive specimens are serum or plasma specimens obtained from 
individuals with a confirmed positive NAT for COVID-19 and a positive test result on the YHLO 2019-
nCoV IgM CLIA. In addition, the IgM response is consistent with the time frame from symptoms 
and/or NAT positivity as well as IgG and IgM results from multiple bleeds from the same individual.  
 
IgG/IgM Negative specimens are plasma specimens derived from NRLs sample bank having been 
collected prior to November 2019.  It will be assumed that these specimens will be negative for 
COVID-19 and no further confirmation testing is performed.   
 
Seroconversion and reverse seroconversion panels  At least five seroconversion panels are included 
in the panel.  Approximately 10 serial bleeds from each of five individuals, taken from the time of 
infection to 6 weeks post infection, are included in the analytical sensitivity panel. For the 
determination of the IgM immune response, serial bleeds obtained from seven individuals with 
initial IgM reactivity until the loss of that IgM reactivity will be used to assess and compare the 
ability of IgM-specific assays to detect declining IgM levels. 
 
Interfering substances Specimens with naturally occurring interfering substances such as lipid, 
haemoglobin, and autoimmune antibodies, will be used to determine the impact of these naturally 
occurring substances on test kit performance. The specimens will be used without and with spiked 
antibodies at low level to assess the likelihood of false negative and false positive responses due to 
the interfering factors and to determine if the test is physically interrupted by the interfering 
substances. 
 
Cross-reactivity Specimens from individuals that have confirmed past or recent infection with other 
organisms that may cause cross reactivity will be tested to determine false reactivity.  This panel will 
have specimens representative of past or recent infections with organisms.  These specimens with 
potentially cross-reacting antibodies have been sourced from commercial raw material providers. 
 
Testing 
 
Testing of RDTs will be conducted at NRL or exceptionally, for automated random-access CLIA 
instruments not available at NRL, at an alternate laboratory under NRL’s supervision.  Testing will 
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follow this protocol without deviation, unless agreed to by WHO and NRL.  To make more efficient 
use of specimens, and to streamline processes, testing on several kits may be performed in parallel.  
At all times, the testing will comply with the manufacturer’s instructions, this protocol and with good 
laboratory practice.  No more than four (4) test kits will be evaluated at one time. 
 
Ab-detecting RDT Testing:  Unless otherwise specified in the manufacturer’s instructions, all 
specimens will be tested in RDTs in singlicate.  All testing of RDTs will be performed by staff trained 
by NRL.  For tests with visually read and interpreted results, one person will perform the test and 
read and record the results.  A second person will independently read and record the result without 
reference to the original result.  A picture of the device results will be taken within the window 
period allowed by the manufacturer. The results will be compared and, if discordant, a third, senior 
scientist will independently read and record the result; the third result being the final result.  All 
results will be reported back to the manufacturer.  The numbers of discordant results will be 
recorded as a measure of useability.  NRL will employ the same scoring as used by some WHO 
Prequalification Evaluation protocols. 
 

Scoring index Intensity reading scale 

0  Non-reactive 

1  Very Weak 

2 Weak 

3  Medium to Strong Reactivity 

 
Specimens with invalid test results will be re-tested by the same operator once.  If a valid result is 
obtained on retesting, this result will be used in the analysis.  If an invalid test result is obtained a 
second time, the result will not be used in the analysis of sensitivity or specificity, however the 
numbers of repeatedly invalid tests for each study will be recorded and reported. Anomalies will also 
be recorded according to standardized definitions for lateral flow assays.  
 
Immunoassays:  Where the test kit produces a quantitative result and is not read subjectively, the 
specimens will be tested in singlicate unless specified by the manufacturer IFU and that result is 
final, as long as the test run is valid as defined by the manufacturer’s instructions for use.  Any result 
that is reported as indeterminate will be repeated as specified by the IFU.  If the final result remains 
indeterminate the results will be determined as being aberrant i.e. if the status of the specimen is 
Positive and the final result is indeterminate, the final result will be analysed as negative. The results 
of testing as reported by the instrument reader will be provided as a hard copy and as an electronic 
file.  Results will be cross checked comparing hard copy against the electronic file for consistency.   
 
Evaluations Phases: 
 
The evaluation of COVID-19 serology assays has been divided into phases.  This is mainly to ensure 
that precious resources and time are not invested in products that cannot meet minimum 
requirements. The numbers of tests required are outlined in Annex 1.  The numbers of tests per 
reagent lot are outlines in Annex 2. 
 
Phase 1 – 40 IgG positive and 40 IgG/IgM negatives specimens 
 
A total of 40 IgG positive and 40 IgG/IgM negative specimens being a subset of Phase 2 specimens 
set will be tested singly and the results used to determine basic percentage positive and negative.    
The numbers of specimens have been designed to accommodate a 100-test kit plus controls and 
calibrators.  These numbers of specimens will provide a basic assessment and the statistical 
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confidence will be low; but the results will detect poor performing test kits and remove them from 
consideration.   Tests need to achieve at minimum of 80% positivity rate (32 of 40 positive 
specimens) and < 5% false positive rate (2 of 40 negative specimens). Testing of phase 1 specimens 
will be performed on a single reagent lot. 
  
Test kits undergoing Phase 1 must achieve adequate performance as detailed above to continue to 
Phase 2 assessment; phase 2 consists of varied specimen sets. 
 
Phase 2 – Additional IgG and/or IgM positive and IgG/IgM negative specimens will be tested to 
determine sensitivity and specificity with a greater statistical confidence. The results will allow 
statistically differentiation of the performance of the test kits with good statistical power.  For test 
kits detecting IgM or total antibodies, IgM positive specimens will be included to determine the 
sensitivity of the IgM component of the test kit.  The percentage of cross reactivity of IgG positive 
specimens causing false reactivity in IgM tests will be determined.  Phase 2 will include assessment 
of repeatability, repeatability, lot-to-lot variation and limits of detection (LOD).  Approximately half 
of phase 2 specimens will be tested of each of two different reagent lots, one lot being the same lot 
as phase 1.   
 
Sensitivity: IgG Positive specimens - A further 160 IgG positive specimens (a total of 200 positive 
from 200 individuals) will be tested to determine sensitivity of the test kits.   
 
IgM positive specimens – For test kits that detect IgM, 40 specimens, obtained from 26 individuals, 
reporting a IgM reactivity on a CLIA, will be tested to determine the IgM percentage concordance 
with the reference result. IgM positive specimens will be tested on the same reagent lot. These IgM 
positive specimens are represented in Phase 1 and 2 and the Reverse seroconversion panel. 
 
Reverse seroconversion panel: for test kits that detect IgM, ten panels of serial bleeds from 
individuals having been infected with COVID-19 (total of 48 specimens from ten individuals) will be 
tested to determine the analytical sensitivity of the IgM assays. Reverse seroconversion panels will 
be tested on the same reagent lot. 
 
Specificity: Negative specimens - A further 260 IgG/IgM negative specimens (total of 300 negative 
from 300 individuals) will be tested for determine specificity of the test kits.  
 
Analytical Sensitivity: Three specimens with known, high IgG antibody levels will be diluted in 
doubling dilutions (neat plus nine dilutions – total of 30 tests).  These dilutions will be tested in each 
test kit in singlicate on reagent lot one. The endpoint dilution for each dilution series will be 
compared to a benchmark immunoassay.  
 
Lot-to-lot Variation: the same specimens used in the LOD study will be tested in singlicate on 
reagent lot two, and the end point obtained for each lot compared (total of 30 tests). 
 
Repeatability / Reproducibility: The results of the analytical sensitivity studies will be used to select 
one dilution representing approximately 2-4 times the cut-off (endpoint) for the assay.  This dilution 
will be used to determine the repeatability and reproducibility of assays with quantitative results.  
For repeatability, the selected specimen will be tested 30 times in the same test run for quantitative 
tests such as EIA or CLIA.  The specimen will be tested in different runs 30 times and in no fewer than 
five runs. – (Total of 60 tests) 
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Seroconversion specimen set – Seroconversion panels from date of infection to 6 weeks post 
infection (Expected to be available during Q3 2020).  Each seroconversion sample will be tested in 
singlicate using each test kit.   
 
Testing of devices on these panels will provide manufacturers information regarding the analytical 
sensitivity of their assays. By using the same seroconversion panels across test kits, a comparison of 
relative analytical sensitivities can be established.  
 
Cross-reactivity specimen set – A total of 55 specimens having potentially cross-reacting analytes 
including HIV, syphilis, Parvovirus B19 IgM, malaria, EBV IgM, Hepatitis A, B and C, influenza, RSV or 
other respiratory viral antibodies  will be tested to identify false reactivity. A summary of specimen 
types are detailed in Annex 2.   
 
For a select group of COVID-19 serology tests, a second set of potentially cross-reacting specimens 
will be tested.  This second set will include non-COVID-19 coronavirus antibodies (including 
circulating human coronaviruses, SARS-CoV-1 and MERS).  Testing for these cross reacting 
substances will be subject to specimen volume and availability. Testing will be done in singlicate on 
lot one.  
 
Interfering substances specimens – A total of 37 specimens acquired from individuals that have 
interfering substances such as haemoglobin, lipid, bilirubin, rheumatoid factor, anti-nuclear 
antibodies and double-stranded DNA will be tested to identify false reactivity due to these 
substances.  
 
Two of the interfering substance specimens above having high levels of lipid, icteric and haemolysis 
(6 specimens) will each be diluted 1:2 with a IgG positive and IgG negative specimens (Total 12 
specimens). Each specimen will be tested in singlicate on lot one.  
 
Controls: 
 
All testing will be performed as per the manufacturer IFU.  Any deviation from the IFU will be 
discussed between WHO and NRL and reported. Where provided by the kit manufacturer, kit 
controls must be tested daily prior to starting testing for that day. The results of the kit controls 
must be within the acceptance criteria of the assay.  If the kit control results fall outside the 
acceptance criteria, the manufacturer should be notified and testing should be halted until the issue 
rectified to the manufacturer’s satisfaction and acceptable kit control results obtained.   
 
Data Management:  
 
Kit receipt process:  On receipt of kits for evaluation, NRL staff will record the product code, lot 
numbers and expiry dating of the reagents onto a quality managed form.  A picture of the reagent 
will be taken and stored.  The kits will be examined for physical damage and any observation noted.  
The supplier will be contacted if adverse damage is identified.  Kits will be stored in a temperature 
and humidity controlled environment in accordance with the manufacturer’s instructions.  An 
electronic copy of the instructions for use (IFU) will be stored. 
 
Three result recording sheets will be developed for each manually read kit i.e. reader one, reader 
two and reader three (senior scientist for final result in case of discrepancies).  Each result recording 
sheet will note the name of the operators performing the test, the person reading the result, the 
reader number (1, 2 or 3), the name of the kit, the lot numbers and expiry date of reagents, the time 
of test completion and the time of reading, the specimen panel number, and a field for the initial 
result and a field for final result.  Reader One will record the result in the initial result field.  After a 
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second, independent Reader Two will record their results, and the two result recording sheets will 
be compared.  Any discrepant results will be highlighted on the Reader One result recording sheet.  
A third independent reader will read the result and record their result on their result recording 
sheet.  This will constitute the final result.  The final result will be entered onto the Final Result field 
on Reader One form. All three result forms will be stapled together for storage. 
 
Results from any instrument read test kit will be provided to NRL Evaluation staff by both hard and 
electronic copy.  NRL staff will download the electronic copy of results into the results entry form 
and then cross check the results using the hard copy file. 
 
A result entry form will be developed in Microsoft Excel.  The results on the result recording sheets 
will be entered into an excel spreadsheet.  A second independent staff member will double-enter 
the results and an algorithm will detect any discrepancies.  Discrepancies will be corrected.  The 
Excel spreadsheet will have a macro that will de-randomise the results and calculate the sensitivity 
and specificity and other performance characteristics and report the summary statistics.  NRL will 
validate the spreadsheet prior to implementation. 
 
The electronic data including the spreadsheets, IFUs and any correspondence with the manufacturer 
or WHO will be stored in the NRL secure IT system in a dedicated drive with access allowed by NRL 
Evaluations Staff Members only.  Access to the NRL IT system can only be achieved through 
personalised logins.  All data are backed up to a separate server daily. NRL IT has state-of-the art IT 
security.  All hard copy data will be stored at the NRL facility.  The facility can only be accessed by 
NRL staff using electronic swipe cards or by contractors under the supervision of NRL staff.  The hard 
copy results will be stored in a systematic manner in folders and within a secured cupboard.  Hard 
copy and electronic copy data will be stored in a discoverable manner for a minimum of 5 years. 
 
Result Analysis 
 
Test results will be analysed using standard analysis tools and according to an agreed upon plan with 
WHO. Invalid test results will be removed from the calculation but the numbers of invalid tests will 
be recorded 
 
The following strategies are used to calculate the clinical performance characteristics by comparing 

the results of the assay under evaluation and reference status of the clinical specimen panel. 

Table 1. Cross-table for calculation of performance characteristics  
 

 Reference testing results 

Results of assay under 

evaluation 

 
COVID IgG-

positive 
IgG/IgM-negative Total 

Reactive 
a 

(true positives) 

b 

(false positives) 
a + b 

Non-reactive 
c 

(false negatives) 

d 

(true negatives) 
c + d 

Indeterminate e f e + f 

Total a + c + e b + d + f a+b+c+d+e+f 

 

Sensitivity and specificity 
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Because the numbers of IgM positive specimens are limited, an analysis of sensitivity for IgM will not 

be possible.  Sensitivity of IgG reactivity will be analyzed and reported.  Sensitivity is the ability of the 

assay under evaluation to detect correctly specimens that contain the analyte (reference results 

positive). Thus, sensitivity is the number of true positive specimens identified by the assay under 

evaluation as positive (a), divided by the number of specimens identified by the reference assays as 

positive (a+c, or a+c+e in case of indeterminate results), expressed as a percentage. 

Sensitivity = 
ca

a

+
 

An additional analysis of the test result of IgM positivity compared with the IgM reference result, as 

well as the presence of total antibodies compared with known infection (positive percent 

agreement) will be reported. 

Specificity is the ability of the assay under evaluation to detect correctly specimens that do not 

contain the analyte (reference results negative).  Thus, specificity is the number of true negative 

specimens identified by the assay under evaluation as negative (d), divided by the number of 

specimens identified by the reference assays as negative (b+d, or b+d+f in case of indeterminate 

results), expressed as a percentage. 

Specificity = 
db

d

+
 

The exact 95% confidence intervals for binomial proportions are calculated for both sensitivity and 

specificity. 

 
Analytical Sensitivity Analysis: the results of the Analytical Sensitivity analysis and the lot-to-lot 
variation will be reported, indicating the highest dilution of each specimen that reported a positive 
result for each lot.  Results of this study for each test kit will be available for comparison. 
 
Repeatability/Reproducibility: The percentage coefficient of variation (%CV) of the sample to cut-off 
value (S/Co) of all quantitative tests such as EIAs and CLIAs, will be reported for both repeatability 
and reproducibility.  
 
Cross-reactivity: The number and proportion of specimens producing false-reactive results will be 
described and details will be provided on possible cross-reacting organism.  
 
Interfering substances:  Substances producing false results (either false-reactive with un-spiked 
specimens or false non-reactive with spiked specimens) will be described.   
 
Reports 
 
The results of each evaluation will be analysed and results compiled into a templated report for each 
test kit and provided to WHO for cross checking and subsequent transfer to the manufacturer. 
Manufacturers will have 14 days to query their results, after that period the results will be 
considered final.     
 
A compiled report will also be published by WHO when evaluation of all tests is completed. This will 
allow for direct comparisons of the results from different test kits and these results will be made 
available on the WHO and NRL Websites and in presentations and other fora as allowed by, and in 
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accordance with, the APW between WHO and NRL.  The reports will acknowledge of institutions who 
have contributed specimens to the performance panel.  
 
A report of the summary statistics of each of the test kits will be developed allowing for direct 
comparison.    
 
Ethics 
 
All specimens used in the study have been acquired by organisations that have local ethics approval 
for the collection and distribution of human specimens.  Donors provide written consent for the 
collection and use of donated sera/plasma for the purposes of quality assurance studies including 
test kit evaluations.  All specimens provided to NRL, whether through a Material Transfer Agreement 
or purchased commercially, are provided to NRL as delinked specimens. NRL is unable to determine 
the identity of the donor either directly through the identifiers provided by the supplier or through 
the supplier themselves.  Specimens are used by NRL for the sole purpose of quality assurance. The 
evaluation will comply with the Declaration of Helsinki as amended in 2013 and any further updates, 
all applicable national and international regulations and according to the most recent International 
Conference on Harmonization of technical requirements for registration of pharmaceuticals for 
human use – Good Clinical Practice guidelines. 
 
Copies of ethic committee approval can be provided on request for specimens not acquired 
commercially.  A certificate of analysis is available for commercially acquired specimens. 
 
Conclusion 
 
There is ongoing debate regarding the utility of serology testing for COVID-19.  The situation has 
been complicated by the limited regulatory oversight of these tests, the large number of RDTs that 
have been released onto the market, some poor media coverage of serology testing and a lack of 
large coordinated and scientifically based evaluations of test kits.  WHO  and collaborators seeks to 
address this situation by conducting standardized evaluations that will allow providing a 
comprehensive independent dataset using a comprehensive, well-characterised panel of specimens, 
which will inform WHO, test kit users and procurers .   
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Annex 1: Number of specimens and reagent lot numbers for each study phase  
 
 

Phase 
Number 

Specimen Description Number of specimens Reagent Lots 

1 
Concordance study 40 IgG antibody positive 

40 IgG antibody negative 
20 tests for control and contingency 

All tested on Lot 1 

2 

Sensitivity 
Specificity 
LOD 
Lot variation 

160 IgG antibody positive 
260 IgG antibody negative 
30 IgG antibody serial dilution (3 specimens; 10 
dilutions) 
30 LOD specimens tested on different lot 
30 repeatability tests (within run)* 
30 reproducibility (between runs) * 
 
48 reverse seroconversion** 

Approx 80 tested on Lot 1 and 80 tested on Lot 2 
Approx 130 tested on Lot 1 and 130 tested on Lot 2 
30 tested on Lot 1 
 
30 tested on Lot 2 
30 tested on Lot 1 
Approx 15 tested on Lot 1 and 15 tested on Lot 2 
 
48 tested on Lot 2 

2 Seroconversion  50 seroconversion specimens from 5 individuals Tested on Lot 2 

2 Cross reacting specimens 55 potentially cross reacting specimens Tested on either Lot 1 

2 Interfering substances 49 specimens with potentially interfering substances Tested on either Lot 1 

Total Number of tests Required  
(approx. 20% for controls and repeat) 
 
IgG only 
IgG and IgM 
Semi-quantitative 

 
 
 
730 (150) = 880 tests 
795 (160) = 955 tests 
790 (155) = 935 tests 
 

Number of tests per Lot (without contingency) 
 
 
Lot 1 = 390        Lot 2 = 340   
Lot 1 = 455        Lot 2 = 340 
Lot 1 = 435        Lot 2 = 355 
 

 
* for semi-quantitative tests only 
** for testing on test kits detecting IgM antibodies only 
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Annex 2: Distribution of testing by reagent lot number  
 

Study Lot 1 Lot 2 Total 

Phase 1 

• Positive 

• Negative 

 
40 
40 

  
40 
40 

Phase 2 

• Positive 

• Negative 

 
80 

130 

 
80 

130 

 
160 
260 

Reverse seroconversion panel  48 48 

Analytical sensitivity/Lot-to-lot 30 30 60 

Seroconversion panels  50 50 

Cross-reacting specimens 55  55 

Interfering substances 49  49 

Repeatability  30 30 

Reproducibility 15 15 30 
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Annex 3: Representative examples of cross reacting specimens set used to determine cross reactivity.  Note: Not all organisms may be represented in 
cross- reacting specimen panel.  Cross-reacting specimen set composition may change over time depending on specimen volume and analyte availability. A 
total of 30 specimens will be included in each cross reacting specimen set.  
 
 

Cross-reacting Specimens Number Interfering substances Number 

C. psittaci IgM Positive 1 Anti-nuclear antibodies 5 

CMV IgM Positive 4 Bilirubin 8 

Epstein-Barr virus VCA IgM Positive 2 Haemolysed 5 

Influenza A  2 Icteric 5 

Influenza B 2 Lipaemic 5 

Hepatitis A IgM Positive 1 Rheumatoid factor 5 

Chronic  hepatitis B (HBsAg/HBeAg) 9 SLE (anti-DNA positive) 4 

Acute hepatitis B (HBcIgM Positive) 2   

Hepatitis C 4   

HIV Positive  8   

Malaria  5   

Mycoplasma IgM Positive 1   

Parvovirus B19 IgM Positive 2   

Rubella IgM Positive 1   

Syphilis 6   

Toxoplasma IgM Positive 3   

 


