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Summary 

Background            

Since January 2020 many workflows for molecular diagnostics of SARS-CoV-2 were implemented and 

checked for performance using specificity and sensitivity panels distributed by the National Institute 

for Public Health and the Environment (RIVM). Although panels have been largely similar in load 

components for checking SARS-CoV-2 Nucleic Acid Amplification Tests (NAAT) performance, they were 

not exactly similar in constituents. Because of this heterogeneity in the past, the fact that patchy 

quality checks were implemented only when workflows change or laboratories were added to the 

network, and because it is considered important by the COVID-19 WHO reference laboratories at RIVM 

and Erasmus Medical Centre (Erasmus MC) and the Dutch Ministry of Health, Welfare and Sport 

όΨ5ƛŜƴǎǘ ¢ŜǎǘŜƴΩύ ǘƘŀǘ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƴŜǘǿƻǊƪ ƻŦ /h±L5-19 molecular diagnostic labs is 

checked as a whole regularly, a National External Quality Assessment (EQA) (Landelijk EQA; LEQA) 

program has been developed. This program consists of three rounds of EQA. This report includes the 

first round of the LEQA program.  

 

Objective       

The goal of this LEQA round is to inventorize the quality of the Dutch SARS-CoV-2 diagnostics field, 

using a panel that consists of 10 simulated clinical specimens, containing heat inactivated SARS-CoV-

2 or other respiratory viruses or genetic material. Each of the laboratories was asked to conduct 

molecular detection of SARS-CoV-2 according to their workflows normally used for SARS-CoV-2 

diagnostics.  

 

Materials and Methods   

In October 2020 the LEQA panel was produced at the RIVM. It was pre-tested at both Dutch expertise 

centers (RIVM and Erasmus MC). After both centers obtained similar results per sample, all 

laboratories performing SARS-CoV-2 diagnostics in the Dutch network were contacted and notified of 

the distribution of the panel in the first week of November 2020. A number of workflows, especially 

the molecular point of care (mPOCT) ones, use expensive cartridges or pouches of which laboratories 

only receive a limited number every week. Therefore laboratories with limited resources that wanted 

to test their workflows were asked to indicate so. Then they were sent an email to limit testing for 

these workflows to samples 1, 2, 4 and 7. Laboratories were asked to report their results via an online 

form. Workflows were given a score of 8 for 100% correct results for the 8 core samples and reduction 

by 1 point per sample for an incorrect result and 0.5 points for a result άLƴŘŜǘŜǊƳƛƴŀǘŜέΣ ά9ǉǳƛǾƻŎŀƭέ 

ƻǊ άLƴŎƻƴŎƭǳǎƛǾŜέ for a core SARS-CoV-2 positive sample.    

Results   

Out of the 164 reported workflows reported by 65 laboratories, 132 (80.5%) scored 100% correct 

results (score 8) and thus met all criteria set for reliable SARS-CoV-2 diagnostics, 18 (11.0%) scored 

between 7-7.5 out of 8, making it likely that only minor adjustments need to be made to meet all 

criteria and 14 (8.5%) workflows scored a 6 or lower, indicating that a lot of improvements still need 

to be made for these workflows to be reliable for clinical diagnostic settings and surveillance. For the 

SARS-CoV-2 negative core samples, no false positives have been reported, but some workflows gave 

indeterminate, equivocal or inconclusive results for non-SARS-CoV-2 containing samples (n=4). For the 

SARS-CoV-2-containing core samples, false negative results (n=24) and false indeterminate, equivocal 

or inconclusive results (n=13) were reported. Some workflows reported a negative result for SARS-

CoV-2 presence in SARS-CoV-2-containing samples due to cutoff values used in the assay; up to 1.7% 

of each SARS-CoV-2 positive sample (range: 0% ς 1.7%) was reported as SARS-CoV-2 negative despite 
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one (or more) of the target genes against SARS-CoV-2 in the assay giving a Ct value.  Despite the wide 

variety of kits, equipment and enzymes that are used in the implemented workflows, the influence on 

the quality of molecular diagnostics for SARS-CoV-2 was limited.  

  

Conclusions       

Overall the workflows used for SARS-CoV-2 diagnostics perform very well and laboratories using them 

provide a reliable network. A small number of workflows should be further optimized to achieve full 

potential. The Dutch SARS-CoV-2 diagnostics laboratory network performs on a very high level with 

the vast majority of workflows detecting the core SARS-CoV-2 containing specimens correctly. The 

wide variety of kits, equipment and enzymes used in the Dutch SARS-CoV-2 diagnostic field do not 

affect adversely the quality of diagnostics. Instead, it allows for great flexibility during times of 

shortages in supplies and likely improves the capacity to detect possible future variants of SARS-CoV-

2.  
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1. Introduction 
Since January 2020 many workflows for molecular diagnostics of COVID-19 were implemented and 

checked for performance using specificity and sensitivity panels distributed by the National Institute 

for Public Health and the Environment (RIVM). Although panels have been largely similar in load 

components for checking SARS-CoV-2 Nucleic Acid Amplification Tests (NAAT) performance, they 

rapidly varied from SARS-CoV-1 RNA initially, to SARS-CoV-2 RNA, followed by SARS-CoV-2 whole heat 

inactivated virus particles, depending on when materials became available. Because of this 

heterogeneity in the past, the fact that patchy quality checks were implemented only when workflows 

changed or laboratories were added to the network, and because it is considered important by the 

COVID-19 WHO reference laboratories at RIVM and Erasmus Medical Centre (Erasmus MC) and the 

5ǳǘŎƘ aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘΣ ²ŜƭŦŀǊŜ ŀƴŘ {ǇƻǊǘ όΨ5ƛŜƴǎǘ ¢ŜǎǘŜƴΩύ ǘƘŀǘ ǿŜ ŎƘŜŎƪ ǘƘŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ 

network of COVID-19 molecular diagnostic labs as a whole regularly, a National External Quality 

Assessment (EQA) (Landelijk EQA; LEQA) program has been developed. This program consists of three 

rounds of EQA. In the first week of November 2020 the first round of EQA panels was distributed to 

all laboratories performing SARS-CoV-2 diagnostics on clinical samples derived from Dutch patients. 

This panel consisted of 10 simulated clinical specimens that contained either heat inactivated SARS-

CoV-2 or other respiratory viruses or genetic material. Each of the laboratories was asked to conduct 

molecular detection of SARS-CoV-2 on this panel according to their workflows normally used for SARS-

CoV-2 diagnostics. All data had to be reported back to the RIVM using an online reporting form.  

  

2 Materials and methods 
2.1 Approach  
In October 2020 the LEQA panel was produced at the RIVM after which it was pretested at both Dutch 

expertise centers (RIVM and Erasmus MC). After both centers obtained similar results per sample, all 

70 laboratories (excluding the expertise centers) performing SARS-CoV-2 diagnostics in the Dutch 

network by November 2020 were contacted and notified of the distribution of the panel in the first 

week of November. All laboratories were asked to report their findings using an online form using 

Formdesk software (Wassenaar, The Netherlands) to allow for a more streamlined method of data 

collection. Laboratories had until the 22nd of November to report their obtained results. After the 22nd 

of November laboratories that had not reported their results yet were given one week grace time to 

report their results, after which the submission was closed on the 29th of November. A number of 

workflows, especially the molecular point of care (mPOCT) ones, use expensive cartridges or pouches 

of which laboratories only receive a limited number every week. Therefore laboratories with limited 

resources that wanted to test their workflows were asked to indicate so. Then they were sent an email 

to limit testing for these workflows to samples 1, 2, 4 and 7. 

2.2 Contents of LEQA panel  
The LEQA panel consisted of 10 simulated clinical specimens (1ml) containing either whole infectious 

human respiratory seasonal viruses, genetic material of relevant viruses or heat-inactivated SARS-CoV-

2 virus. SARS-CoV-2 was isolated from a clinical specimen on VERO E6 cells and heat-inactivated by 

heat treatment at 60 °C for two hours. The number of detectable copies of SARS-CoV-2 positive strand 

RNA in this stock SARS-CoV-2 was back-calculated from determination of the copy number after 

extraction of RNA by digital SARS-CoV-2 E-gene and RdRp-gene PCR at 1.28*10^10 and 1.73*10^10 

copies of E-gene and RdRp-gene positive strand RNA/ml, respectively. Because the virus was not 

purified from the supernatant, the whole virus preparation contains in addition to genomic RNA, 

intermediate replication negative strand genomic RNA and subgenomic E-gene RNA that contribute 
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to detection in routine one-step RT-qPCR for SARS-CoV-2 RNA. Virus dilutions were made in MEM with 

HanksΩ salts. HEp2 cells were added to the dilution at a concentration of 10.000 cells per ml panel 

sample to simulate a clinical sample. The 10 samples included in the panel contained the following 

viruses: SARS-CoV-2 (RIVM isolate) in various concentrations, hCoV-NL63 (kindly provided by Lia van 

der Hoek, Amsterdam University Medical Hospital), hCoV-229E (ATCC), hCoV-OC43 (ATCC), Influenza 

virus A(H3N2) (RIVM), SARS-CoV-1 (RNA) (kindly provided by Bart Haagmans, Erasmus MC) and a 

sample without any virus. In Table 1 all samples are listed together with the expected target specific 

Ct values obtained at RIVM with routinely used diagnostic RT-qPCRs for the respective pathogens and 

the expected conclusion for SARS-CoV-2 detection in the samples. The digital copies of RdRp-gene and 

E-gene are also listed in Table 1 for the SARS-CoV-2 containing samples.
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Table 1: Composition of LEQA1 together with the target specific expected Ct values1 based on the in-house assay(s) of the RIVM.  

 

 

 

 

 

 

 

 
1 The expected Ct values shown in this table are based on RT-qPCR tests performed on the panel samples using the routinely used RIVM in-house assays. The in-house real-

time RT-qPCRs have been performed using the following reagents and volumes: ThermoFisher TaqMan® Fast Virus 1-Step Master Mix after extraction of 200 ˃l sample on 

Roche MagNA Pure 96 instrument with Roche MagNA Pure 96 DNA and Viral NA Small Volume Kit, elution in 50 ˃ l and 5 ˃ l extract per RT-qPCR reaction on Roche LightCycler 

480 mark I or II. Extractions and subsequent RT-qPCRs were performed in 4-fold; after the average Ct value between brackets () the number of times found positive is shown. 

SARS-CoV-2 E-gene Sarbeco specific primers and probes are those published by Corman et al.; the RdRp primers and probes are modified from those published by Corman 

et al. to become SARS-CoV-2 specific and similar in LOD95 compared to the E-gene Rt-qPCR. 
2 d1, d3 and d4 indicate that d3 is a 1:100 dilution of d1 and d4 is a 1:10 dilution of d3; SARS-CoV-2 is heat inactivated. SARS-CoV-1 is RNA stabilized with yeast tRNA. 
3 dPCR has been performed on + strand genomic RNA for RdRp-gene and E-gene; for E-gene, subgenomic messengers present are also detected. The one-step E-gene and 

RdRp-gene diagnostic RT-qPCR also detects - strand replicative form genomic RNA and the one-step E gene RT-qPCR in addition also detects subgenomic messengers, which 

probably increases the actual number of target templates for the diagnostic RT-qPCR in the sample after extraction.   
4 For influenza virus A(H3N2) matrix gene; for hCoV-NL63 and hCoV-229E N-gene and hCoV-OC43 M-gene; n/a = not applicable.   
5 Educational specimen: repeats of this specimen may have the E-gene and/or RdRp-gene negative; only 38% of reported workflow reported this specimen positive for SARS-

CoV-2.  
6 Educational specimen. Laboratories using only the Corman E-gene Sarbeco specific RT-PCR will epidemiologically rightly label this specimen as SARS-CoV-2 positive. The 

combination of low Ct with Sarbeco specific PCR and absence of positive signal with another SARS-CoV-2 target would prompt further research. One of the two targets 

positive with SARS-CoV-2 usually only occurs with very low viral load.   

Panel coding  Virus2  Number of 
copies E gene 
target/ml 
specimen, 
determined 
with dPCR3  

Number of 
copies RdRp 
gene target/ml 
specimen, 
determined 
with dPCR3  

Target specific 
Ct4  

E-gene 
(Sarbeco)  
Ct  

RdRp-gene 
(SARS-CoV-2) 
Ct  

Conclusion SARS-
CoV-2  

LEQA1_CoV20-1  SARS-CoV-2 (d1)  1.28*10 5̂ 1.73*10 5̂ n/a  28.52 (4)  28.37 (4)  POSITIVE  

LEQA1_CoV20-2  hCoV-NL63  -  -  28.10 (4)  Neg  Neg  Negative  

ELQA1_CoV20-3  hCoV-229E  -  -  17.22 (4)  Neg  Neg  Negative  

LEQA1_CoV20-45  SARS-CoV-2 (d4)  1.28*10 2̂ 1.73*10 2̂ n/a  36.95 (2)  35.59 (2)  Weakly POSITIVE  

LEQA1_CoV20-5  SARS-CoV-2 (d3)  1.28*10 3̂ 1.73*10 3̂ n/a  34.80 (4)  34.88 (4)  POSITIVE  

LEQA1_CoV20-6  hCoV-OC43  -  -  27.77 (4)  Neg  Neg  Negative  

LEQA1_CoV20-7  SARS-CoV-2 (d3)  1.28*10 3̂ 1.73*10 3̂ n/a  34.68 (4)  34.74 (4)  POSITIVE  

LEQA1_CoV20-8  Influenza virus A(H3N2)  -  -  22.76 (4)  Neg  Neg  Negative  

LEQA1_CoV20-9  Negative  -  -  Neg  Neg  Neg  Negative  

LEQA1_CoV20-106  SARS-CoV-1  -  -  n/a  28.57 (4)  Neg  Negative5  
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2.3 Scoring the workflows  
The performance of each reported workflow was evaluated after which they were scored on a scale 

from 0 to 8, with 8 being the best grade. This scoring system was implemented based on the detection 

of the core samples present in the panel. All samples except LEQA1_CoV20-4 and LEQA1_CoV20-10  

(containing an educational load of SARS-CoV-2 and SARS-CoV-1 RNA, respectively) were deemed core 

samples (samples with clinically relevant amounts of virus). The laboratories were given the option to 

evaluate samples with the following scores: Positive, Negative, Indeterminate, Equivocal, Inconclusive 

or Not tested. Each workflow started with 8 points for all correct results for each of the 8 core samples. 

For each wrongly determined core sample (being positive for a sample containing no SARS-CoV-2 or  

vice versa) 1 point was deducted όƻǳǘ ƻŦ уύΦ ²ƘŜƴ ŀ ǎŀƳǇƭŜ ǿŀǎ ǎŎƻǊŜŘ ǿƛǘƘ ŀƴ άIndeterminateέ, 

άEquivocalέ ƻǊ άInconclusiveέ ǊŜǎǳƭǘΣ лΦр Ǉƻƛƴǘ ǿŀǎ ŘŜŘǳŎǘŜŘ ŦǊƻƳ ǘƘŜ Ŧƛƴŀƭ ƳŀǊƪ ƻŦ ǘƘŜ ǿƻǊƪŦƭƻǿΦ 

  

For some workflows (e.g. molecular point-of-care test (mPOCT) workflows) an option was given to test 

only a smaller subset of samples specimens in order to be able to make a limited statement about the 

sensitivity of detection of SARS-CoV-2 with the mPOCT used. These workflows only had to test 

LEQA1_CoV20-01, LEQA1_CoV20-02, LEQA1_CoV20-04 and LEQA1_CoV20-07. When notifying the 

Dutch SARS-CoV-2 diagnostics network, the laboratories were informed about the option to apply for 

ŀ ǊŜŘǳŎŜŘ όƳth/¢ύ [9v! ǇŀƴŜƭΦ 9ǎǇŜŎƛŀƭƭȅ ŦƻǊ ǘƘŜǎŜ ǿƻǊƪŦƭƻǿǎ ǘƘŜ ǎŎƻǊŜ άNot testedέ ǿŀǎ ŀŘŘŜŘ ŀǎ 

an option. The workflows testing the reduced panel were also graded according to a scale from 0 ς 8 

points. For each wrongly determined core sample (being positive for a sample containing no SARS-

CoV-2 or  vice versa) 2 points were deducted (out of 8). When a sample was scored with an 

άIndeterminateέ, άEquivocalέ ƻǊ άInconclusiveέΣ м Ǉƻƛƴǘ ǿŀǎ ŘŜŘǳŎǘŜŘ ŦǊƻƳ ǘƘŜ Ŧƛƴŀƭ ƳŀǊƪ ƻŦ ǘƘŜ 

workflow. 

When the entire panel was supposed to be tested using a workflow and a sample was given a score of 

άbƻǘ ǘŜǎǘŜŘέΣ м Ǉƻƛƴǘ ǿŀǎ deducted from the final score for that workflow. This might have occurred 

when a laboratory used a second or more workflows for confirmation of some of the results in the 

first workflow used.  

A workflow scoring 8 out of 8 passed all criteria set for SARS-CoV-2 diagnostics in terms of sensitivity 

and specificity deemed necessary for SARS-CoV-2 diagnostics in accordance with the set requirements 

for new workflows and laboratories. Workflows scoring 7.5 or 7 out of 8 might still be viable for SARS-

CoV-2 diagnostics, but need adjustments in order to perform as desired. Adjustments depend on the 

ǘȅǇŜ ƻŦ ǊŜǎǳƭǘΣ ŜΦƎΦ ŀƴ άIndeterminateέ, άEquivocalέ ƻǊ άInconclusiveέ ǊŜǎǳƭǘ ŦƻǊ ƭƻǿ ǾƛǊŀƭ ƭƻŀŘ 

LEQA1_CoV20-05 or LEQA1_CoV20-07 samples is less severe than detection of SARS-CoV-2 targets in 

specimens which were SARS-CoV-2 negative (false positive).  Any workflows scoring below 7 out of 8 

points needs serious adjustments in order to be fit for SARS-CoV-2 diagnostics. 
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3. Results 
3.1 Aggregated overview 

Seventy laboratories were contacted with the announcement of panel distribution for this first EQA 

round. Sixty-five (92.9%) of these laboratories reported their findings for 164 workflows. The workflow 

conclusions reported for each panel sample are summarƛȊŜŘ ƛƴ ¢ŀōƭŜ н όΨbƻǘ ǘŜǎǘŜŘΩ ǊŜǎǳƭǘ ŜȄŎƭǳŘŜŘύΦ 

The panel scores obtained per laboratory and by number of workflows used are summarized in Table 

3. 

 

Table 2. Aggregated overview of workflow conclusions by LEQA panel sample. 

Panel sample Content Ѕ ƻŦ 
workflows 
with test 
result 
reported 
(n=164) 

SARS-CoV-2 detection workflow conclusion 

Ѕ tƻǎƛǘƛǾŜ Ѕ LƴŘŜǘŜǊƳƛƴŀǘŜΣ 
Equivocal or 
Inconclusive 

Ѕ bŜƎŀǘƛǾŜ Errors 

LEQA1_CoV20-1  SARS-CoV-2 (d1)  162 161 (99.38%) 0 1 (0.62%) False negative (n=1) 

LEQA1_CoV20-2  hCoV-NL63  160 0 0 160 (100%) None 

ELQA1_CoV20-3  hCoV-229E  146 0 1 (0.68%) 145 (99.32%) False indeterminate, 
equivocal or inconclusive 
(n=1) 

LEQA1_CoV20-4  SARS-CoV-2 (d4)  162 78 (48.15%) 21 (12.96%) 63 (38.89%) Not applicable, 
educational sample 

LEQA1_CoV20-5  SARS-CoV-2 (d3)  148 131 (88.51%) 7 (4.73%) 10 (6.76%) False negative (n=10), 
false indeterminate, 
equivocal or inconclusive 
(n=7) 

LEQA1_CoV20-6  hCoV-OC43  145 0 0 145 (100%) None 

LEQA1_CoV20-7  SARS-CoV-2 (d3)  158 139 (87.97%) 6 (3.80%) 13 (8.23%) False negative (n=13), 
false indeterminate, 
equivocal or inconclusive 
(n=6) 

LEQA1_CoV20-8  Influenza virus 
A(H3N2)  

144 0 0 144 (100%) None 

LEQA1_CoV20-9  Negative  144 0 3 (2.08%) 141 (97.92%) False indeterminate, 
equivocal or inconclusive 
(n=3) 

LEQA1_CoV20-10  SARS-CoV-1  147 63 (42.68%) 22 (14.97%) 62 (42.18%) Not applicable, 
educational sample 

 

 

Table 3. Aggregated overview of scores for core specimens obtained by laboratories using various numbers of workflows. 

Ѕ of workflows 
per lab 

Ѕ of labs Ѕ of workflows per lab with indicated score (No of labs) 

Score 8 Score 7 or 7.5 Score < 7 

8 3 4-7 (n=3) 1 (n=1) 1-4 (n=2) 

6 2 2-6 (n=2) 4 (n=1) 0 

5 3 5 (n=3) 0 0 

4 9 2-4 (n=9) 1 (n=4) 1-2 (n=4) 

3 6 1-3 (n=6) 2 (n=1) 0 

2 18 1-2 (n=17) 1 (n=2) 1-2 (n=3) 

1 24 1 (n=18) 1 (n=5) 1 (n=1) 
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Despite not all workflows obtained fully correct results with the core specimens (Table 2), nearly all 

laboratories (63/65; 96.9%) used at least one workflow with which a score 7-8 was obtained (Table 3). 

Except for one laboratory, all laboratories using two or more workflows had at least one workflow 

with which a score of 8 for fully correct results was obtained. Of the laboratories that used one 

workflow only 18/24 (75%) used a workflow with which a score of 8 was obtained. The main cause of 

obtaining a score of 7.5 or 7 for workflows that tested all specimens was reporting of an 

Indeterminate, Equivocal or Inconclusive result for samples  LEQA1_CoV20-5 and LEQA1_CoV20-7 that 

contained the same viral load of SARS-CoV-2. If we consider such results acceptable 23/24 (95.8%) of 

laboratories using one workflow obtained fully correct or acceptable results. In the subsequent 

chapters a more detailed insight in the background of the results and the results themselves is 

presented. 

3.1 Used volumes, equipment, kits and reagents   
Because the sensitivity of a workflow is partly defined by the sample equivalent input volume in the 

RT-qPCR/other NAAT, a subset of questions revolved around the volumes used for testing of clinical 

samples for each specific workflow: volume specimen in nucleic acid extraction; elution volume; 

volume RNA/total NA in RT-qPCR reaction or other NAAT; end volume RT-qPCR reaction or other 

NAAT. Figure 1 shows each of the volumes used for RNA isolation and RT-qPCR or other NAAT for all 

workflows for which there results were reported. For those workflows for which extraction input, 

elution and RT-qPCR/other NAAT input volumes were reported the sample equivalent input volume 

in RT-qPCR/other NAAT reaction was calculated and plotted (Figure 1).   
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Another factor that may determine the performance of the workflow are the used kits, equipment 

and/or separate enzymes used for extraction and amplification implemented in SARS-CoV-2 

diagnostics for the Dutch population. Therefore for each workflow these details were inventoried. 

Figure 2 shows the kits used for RNA/total NA isolation, Figure 3 shows the RNA isolation equipment, 

Figure 4 shows the kits used for the RT-PCR or other NAAT reaction, Figure 5 shows the separate 

enzymes used for the in-house RT-PCR or other NAAT reaction and Figure 6 shows the equipment used 

for the RT-PCR or other NAAT reaction. In several occasions the kit used for extraction and for RT-qPCR 

or other NAAT has the same name because these are all-in-one kits.  

Figure 1: Volumes used during the RT-PCR of other NAATs described for the workflows used. Most 
commonly used volumes:  200 µl input volume; 100 µl elution volume; 10 µl elution input volume in 
reaction; 20 µl specimen input equivalent; 20 or 25 µl end volume in reaction. 



Page 13 of 44 
 

  

Figure 2: The RNA isolation kits used by workflows testing for SARS-CoV-2 together with the number of workflows per kit (n=164)) 
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Figure 3: The RNA isolation equipment  used by workflows testing for SARS-CoV-2 together with the number of workflows per machine (n=164) 
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Figure 4: The RT-qPCR or other NAAT kits used by workflows testing for SARS-CoV-2 together with the number of workflows per kit (n=114). Not 
all workflows use kits for their RT-qPCR or other NAAT, so the total N is not equal to the amount of workflows tested. For each kit the used target 
genes are listed. Workflows using separate enzymes and primers and probe are listed in Figure 5. 

Figure 5: The enzymes used for performing RT-PCR or other NAAT by workflows testing for SARS-CoV-2 together with the number of workflows 
per enzyme (n=50). Not all workflows use separate enzymes for their RT-PCR or other NAAT, so the total N is not equal to the amount of workflows 
tested. In total 38/50 of the above mentioned workflows use 1 target gene to test for SARS-CoV-2 presence (E-gene Sarbeco specific (n=26); E-
gene SARS-CoV-2 specific (n=6); N-gene (n=3); RdRp-gene (n=3)) and 12/50 workflows use 2 target genes to test for SARS-CoV-2 presence (E-gene 
Sarbeco specific + E-gene SARS-CoV-2 specific (n=1);  E-gene Sarbeco specific + N-gene (n=1); E-gene Sarbeco specific + N1-gene (n=5); E-gene 
Sarbeco specific + RdRp-gene (n=3); E-gene SARS-CoV-2 specific + N1-gene (n=2)).    
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Figure 6: The RT-PCR or other NAAT equipment  used by workflows testing for SARS-CoV-2 together with the number of workflows per machine 
(n=164) 
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3.2 Target genes used for RT-PCR or other NAAT 
As the sensitivity of a workflow may also depend on the used gene or genes, for all workflows the 

target genes used were inventoried. Some workflows used up to 4 target genes. From the 164 

workflows a total of 76 workflows used 1 target gene, 78 workflows used 2 target genes, 8 workflows 

used 3 target genes and 2 workflows used 4 target genes. In Figure 7, the target genes used in the 

order reported for each workflow are shown.  In Figure 8 the combinations of target genes used in the 

workflows is displayed. Combinations of genes used by number of workflows are listed in Table 4. 

Some workflows using more than one gene do not generate separate result for each independent 

gene but rather a composite conclusion. 

 

 

 

 

Figure 7: Target genes used in the workflows as reported in the questionnaire (n=164). Color coding genes is shown in the legend. Black color 
indicates workflows that do not contain a 2nd, 3rd or 4th gene target. 
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Figure 8: Combinations of target genes used in the workflows as reported in the questionnaire (n=164). Color coding genes is shown in the legend. 
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Table 4. Overview of number and type of target genes used per reported workflow. 

Ѕ  ǘŀǊƎŜǘ ƎŜƴŜǎ ƛƴ 
workflow 

Target gene(s) Ѕ workflows 

1 

E-gene Sarbeco specific 32 

E-gene SARS-CoV-2 specific 18 

ORF1a/b 16 

N-gene 6 

RdRp-gene 4 

2 

E-gene Sarbeco specific; N2-gene 16 

E-gene SARS-CoV-2 specific; N2-gene 12 

N-gene; ORF1a/b 10 

N-gene; RdRp-gene 7 

N1-gene; N2-gene 6 

E-gene Sarbeco specific; N1-gene 5 

E-gene Sarbeco specific; RdRp-gene 4 

E-gene Sarbeco specific; ORF1a/b 2 

E-gene Sarbeco specific; S-gene 2 

E-gene SARS-CoV-2 specific; N1-gene 2 

E-gene SARS-CoV-2 specific; N-gene 2 

E-gene SARS-CoV-2 specific; RdRp-gene 2 

M-gene; S-gene 2 

E-gene Sarbeco specific; E-gene SARS-CoV-2 specific 1 

E-gene Sarbeco specific; N-gene 1 

E-gene; N-gene 1 

E-gene; RdRp-gene 1 

N-gene; NSP2-gene 1 

Orf8; RdRp-gene 1 

3 

E-gene Sarbeco specific; N-gene; RdRp-gene 3 

E-gene SARS-CoV-2 specific; N-gene; RdRp-gene 2 

N-gene; ORF1a/b; S-gene 3 

4 E-gene Sarbeco specific; N-gene; RdRp-gene; S-gene 2 

 

3.3 Performance of the workflows  

All laboratories participating in testing of the LEQA were asked to score each of the 10 samples 

contained in the panel for the presence of SARS-CoV-2 in any of these six categories: Positive, 

Negative, Indeterminate, Equivocal, Inconclusive or Not tested. As said before, for some workflows 

only a smaller subset of samples needed to be tested. These workflows had to test only LEQA1_CoV20-

01, LEQA1_CoV20-02, LEQA1_CoV20-04 and LEQA1_CoV20-07. Figure 9 ς Figure 18 show the obtained 

results for LEQA1_CoV20-01 up to LEQA1_CoV20-10 for all target genes tested, in the order how the 

genes have been reported and are displayed in Figure 7 and a summary plot for the total workflow 

results. Some workflows using more than one gene do not generate separate result for each 

independent gene but rather show a composite conclusion. Due to this, some results obtained of 

multiple target genes are combined into and shown as one target gene in Figure 9 ς Figure 18. 
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Figure 9: Results obtained for LEQA1_CoV20-01 containing SARS-CoV-2 (with 1.28*10^5 copies E target/ml specimen  (determined with dPCR) and 
1.73*10^5 copies RdRp target/ml specimen (determined with dPCR)) combined from all workflows. All laboratories participating in testing of the 
LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. Of all 162 workflows that reported an overall conclusion 161 (99.38%) identified SARS-CoV-2 in this 
sample correctly. 1/162 workflows reported incorrectly a negative result. 

Figure 10: Results obtained for LEQA1_CoV20-02 containing hCoV-NL63 combined from all workflows. All laboratories participating in testing of the 
LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. Overall, all 160 workflows that reported an overall conclusion did correctly not detect SARS-CoV-
2 in this sample. 
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Figure 12: Results obtained for LEQA1_CoV20-02 containing hCoV-229E combined from all workflows. All laboratories participating in testing of the 
LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. Overall, of all 146 workflows that reported an overall conclusion 145 (99.32%) did correctly not 
detect SARS-CoV-2 in this sample whereas one workflow reported an equivocal overall conclusion. 

Figure 11: Results obtained for LEQA1_CoV20-04 containing SARS-CoV-2 (with 1.28*10^2 copies E target/ml specimen  (determined with dPCR) and 
1.73*10^2 copies RdRp target/ml specimen (determined with dPCR)) combined from all workflows. All laboratories participating in testing of the 
LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. This sample was not deemed a core sample in the panel. Overall, of all 162 workflows that reported 
an overall conclusion only 78 (48.15%) identified SARS-CoV-2 in this sample correctly and a further 21 (12.96%) with an indeterminate, equivocal or 
inconclusive result. 63/162 (38.89%) workflows reported a negative overall result. 
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Figure 13: Results obtained for LEQA1_CoV20-05 containing SARS-CoV-2 (with 1.28*10^3 copies E target/ml specimen  (determined with dPCR) and 
1.73*10^3 copies RdRp target/ml specimen (determined with dPCR)) combined from all workflows. All laboratories participating in testing of the 
LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. Overall, of all 148 workflows that reported an overall conclusion 131 (88.51%) identified SARS-CoV-
2 in this sample correctly and a further 7 (4.73%) with an indeterminate, equivocal or inconclusive overall conclusion. 10/148 (6.76%) workflows 
reported incorrectly a negative result. 

Figure 14: Results obtained for LEQA1_CoV20-06 containing hCoV-OC43 combined from all workflows. All laboratories participating in testing of 
the LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. Overall, all 145 workflows that reported an overall conclusion did correctly not detect SARS-CoV-2 
in this sample. 
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Figure 15: Results obtained for LEQA1_CoV20-07 containing SARS-CoV-2 (with 1.28*10^3 copies E target/ml specimen  (determined with dPCR) and 
1.73*10^3 copies RdRp target/ml specimen (determined with dPCR)) combined from all workflows. All laboratories participating in testing of the 
LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. Overall, of all 159 workflows that reported an overall conclusion 140 (88.05%) identified SARS-
CoV-2 in this sample correctly and a further 6 (3.77%) with an indeterminate, equivocal or inconclusive overall conclusion. 13/159 (8.18%) workflows 
reported incorrectly a negative result. 

Figure 16: Results obtained for LEQA1_CoV20-08 containing Influenza virus A(H3N2) combined from all workflows. All laboratories participating in 
testing of the LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, 
Equivocal, Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the 
percentage of results reported per scoring category are shown. Overall, all 145 workflows that reported an overall conclusion did correctly not 
detect SARS-CoV-2 in this sample. 
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Figure 17: Results obtained for LEQA1_CoV20-09 containing no virus (negative control) combined from all workflows. All laboratories participating 
in testing of the LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, 
Indeterminate, Equivocal, Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were 
reported) the percentage of results reported per scoring category are shown. Overall, of 145 workflows that reported an overall conclusion 142 
(97.93%) did correctly not detect SARS-CoV-2 in this sample. 3/145 (2.07%) workflows reported an incorrect indeterminate result.  

Figure 18: Results obtained for LEQA1_CoV20-10 containing SARS-CoV-1 combined from all workflows. All laboratories participating in testing of 
the LEQA were asked to score this sample for the presence of SARS-CoV-2 in any of these six categories: Positive, Negative, Indeterminate, Equivocal, 
Inconclusive or Not tested. For each of the target genes used (which were processed in the order in which they were reported) the percentage of 
results reported per scoring category are shown. This sample was not deemed a core sample in the panel. Overall, of 148 workflows that reported 
an overall conclusion 62 (41.89%) did correctly not detect SARS-CoV-2 in this sample. 22/148 (14.86%) workflows reported an indeterminate, 
equivocal or inconclusive result and 63/148 (42.57%) reported a positive result, highly likely because in the current epidemiological situation no 
other Sarbeco virus than SARS-CoV-2 would be expected. 
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As described before all workflows were graded 

using a point system from 0 (being the lowest grade) 

up to 8 (highest grade). 132 workflows were given 

ŀƴ άуέΣ ǎŜǾŜƴ ǿƻǊƪŦƭƻǿǎ ǎŎƻǊŜŘ ŀ άтΦрέΣ мм 

ǿƻǊƪŦƭƻǿǎ ǎŎƻǊŜŘ ŀ άтέΣ ŜƛƎƘǘ ǿƻǊƪŦƭƻǿǎ ǎŎƻǊŜŘ ŀ 

άсέΣ ƻƴŜ ǿƻǊƪŦƭƻǿ ǎŎƻǊŜŘ ŀ άпΦрέΣ ƻƴŜ ǿƻǊƪŦƭƻǿ 

ǎŎƻǊŜŘ ŀ άпέΣ ƻƴŜ ǿƻǊƪŦƭƻǿ ǎŎƻǊŜŘ ŀ άнέΣ ƻƴŜ 

ǿƻǊƪŦƭƻǿ ǎŎƻǊŜŘ ŀ άмέ ŀƴŘ ǘǿƻ ǿƻǊƪŦƭƻǿǎ ǎŎƻǊŜŘ ŀ 

άлέΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ ŀƭƭ ǿƻǊƪŦƭƻǿǎ ǎŎƻǊƛƴƎ 

less than 6 points did not test the full panel or all 

samples of the reduced panel, thus these workflows 

ƭƻǎǘ ŀ ƭƻǘ ƻŦ Ǉƻƛƴǘǎ ŘǳŜ ǘƻ ǎŀƳǇƭŜǎ ōŜƛƴƎ ǎŎƻǊŜŘ άbƻǘ 

ǘŜǎǘŜŘέΦ Figure 19 shows all grades given to the 

reported workflows.  

An overview containing the results obtained per target gene per panel sample for workflows reporting 

Ct values is shown in Figure 20.  In this figure for each of the target genes used (shown in the order in 

which they were reported) the Ct values are shown for each of the tested samples. Also the number 

of tested samples using each of the target genes, the percentage of results showing a Ct < 50, the 

number of reported negative results and the percentage of reported negative results (likely due to 

implemented cut-off values) with Ct < 50  are shown. 

The obtained scores per workflow are also coupled to the extraction kit or method used, the PCR or 

other NAAT test performed and the number of target genes used in order to assess the effect of 

different techniques on the performance of workflows. An overview of these factors on the grade is 

shown in Figure 21. Unfortunately the specimen input equivalent volume in the PCR could only be 

calculated for 84/164 workflows and therefore this factor is not included in Figure 21. For the 84 

workflows for which it was calculated the specimen equivalent volume was median 20 µl (range 8 µl 

ς 400 µl). For the 143 workflows for which specimen input volume in extraction was reported the 

median volume was 300 µl (range 8 µl ς 1300 µl). The median reaction volume reported for 83 

workflows was 20 µl (range 4 µl ς 100 µl). 

In total two laboratories reported data from 8 workflows, one laboratory reported data from 7 

workflows, two laboratories reported data from 6 workflows, three laboratories reported data from 

5 workflows, nine laboratories reported data from 4 workflows, six laboratories reported data from 3 

workflows, eighteen laboratories reported data from 2 workflows and twenty-four laboratories 

reported data from 1 workflow. There are only two laboratories which only have scores of < 7 for all 

reported workflows. The obtained scores per workflow are sorted (anonymously) per laboratory and 

shown in Figure 22. Of the 65 laboratories, 58 laboratories reported at least one workflow with fully 

correct results. When excluding all mPOCT assays from the analysis, one laboratory reported data 

from 7 workflows, one laboratory reported data from 6 workflows, one laboratory reported data from 

5 workflows, four laboratories reported data from 4 workflows, seven laboratories reported data from 

3 workflows, eighteen laboratories reported data from 2 workflows, thirty-one laboratories reported 

data from 1 workflow and two laboratories do not report any other workflows than mPOCT assays. 

Two laboratories only have scores of < 7 for all reported workflows. This is shown in Figure 23. It should 

be noted that all workflows (also including mPOCT assays) scoring less than 6 points did not test the 

full panel or all samples of the reduced panel, thus these workflows lost a lot of points due to samples 

ōŜƛƴƎ ǎŎƻǊŜŘ άbƻǘ ǘŜǎǘŜŘέΦ  

 

Figure 19: All grades obtained by the reported workflows 
out of the maximum of 8 points (n=164). 
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Figure 20: Results obtained per target gene per panel sample for workflows reporting Ct values. The numbers on the X-axis indicate which target gene (in order in which they were reported) is used for the detection of 
each sample. Underneath these numbers the contents of the sample are shown. All negative values for which no Ct value was given by the reporters have been given an artificial Ct value of 50. Not all negative results 
have a Ct value of 50. Some results with Ct < 50 are deemed negative by laboratories, likely due to Ct cutoff values used in the interpretation of an obtained result. Above the graph the number of tests (N) and the 
percentage of Ct values below 50 is shown per sample per target gene. Above the graph the number (N) and the percentage of tests with a negative results reported with a Ct value below 50 is shown as well per sample 
per target gene. Samples deemed negative with a Ct value below 50 are indicated with a purple diamond inside the graph. 
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Figure 21: A flow diagram showing all workflows reported to have tested te LEQA panel with extraction method, PCR test, the 
number of target genes used and the final score achieved by each workflow. In the alluvial plot PCR tests using 1 target gene are 
depicted in blue, PCR tests using 2 target genes are shown in red, PCR tests using 3 target genes are shown in green and PCR tests 
using 4 target genes are shown in purple. For the target gene combinations used per kit, see Figure 5. 


































