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A B S T R A C T   

Background: To prevent spread to patients and co-workers, health care workers (HCWs) infected with Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) should quickly be identified. Although real time po-
lymerase chain reaction (RT-PCR) is the gold standard, this test takes several hours, during which a HCW is 
unable to work. Antigen (Ag) tests may be an efficacious means of screening HCWs since they are easy to perform 
and provide fast results. 
Methods: In this study, 48,010 paired results of Ag-testing and RT-PCR, performed on HCWs between January 
2021 and April 2022, were evaluated to determine the diagnostic accuracy of SARS-CoV-2 Ag-tests in diagnosing 
potentially infectious individuals. This analysis was performed with cycling threshold values (Ct-values) ≤30 and 
≤25 as cut-offs. 
Results: Respectively 3.1% (n = 1507) and 0.3% (n = 140) of Ag-tests were positive or indeterminate, and thus 
indicative for SARS-CoV-2 infection. In total, 2479 (5.2%) RT-PCRs were positive, of which 1529 (61.7%) had a 
Ct-value ≤25 and 402 (16.2%) a Ct-value between 26 and 30. At Ct-value ≤30 as a cut-off, sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV) of Ag-tests were 79.0%, 99.8%, 93.8% and 
99.1%, respectively. At Ct-value ≤25, sensitivity further improved to 92.0%, by which the NPV increased to 
99.7%. 
Conclusions: To prevent transmission from HCWs to patients and co-workers, while maintaining workforce ca-
pacity, Ag-tests are a valuable addition to RT-PCR tests, as they have a quick turnaround time and excellent 
sensitivity for identifying individuals with high potential for transmission.   

Background 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has 
caused a major pandemic affecting millions around the globe, and till 
date the spread of SARS-CoV-2 is ongoing [1,2]. Coronavirus disease 
2019 (COVID-19), the disease caused by SARS-CoV-2, is mainly char-
acterized by respiratory symptoms, but can also include non-respiratory 
symptoms [3,4]. In severe cases, COVID-19 can lead to respiratory 
failure, multiorgan disease and death [3,4]. 

With respect to infection control, it is advised that an infected person 

completes an isolation period to prevent spreading of the virus to others 
[1,2,5,6]. Especially in a medical/hospital setting, identifying infectious 
health care workers (HCWs) is important to prevent spread amongst 
co-workers and patients. Thus, fast and reliable diagnostic methods are 
necessary. 

The most used technique in the medical setting for SARS-CoV-2 di-
agnostics is real-time polymerase chain reaction (RT-PCR) [7]. RT-PCR 
is relatively expensive, time consuming and not universally available. 
SARS-CoV-2 antigen (Ag) tests are an interesting diagnostic method to 
screen HCWs since they are relatively cheap, easily manually performed, 
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and provide fast results, potentially allowing the identification of in-
fectious individuals within minutes [8–11]. Several studies showed that 
SARS-CoV-2 Ag-tests have high specificity but varying sensitivity 
[8–11]. 

Here, we aimed to determine the value of SARS-CoV-2 Ag-tests in 
HCW-screening.. Therefore, 48,010 paired results of Ag-testing and RT- 
PCR, performed on HCWs between January 2021 and April 2022, were 
evaluated to determine the diagnostic accuracy of SARS-CoV-2 Ag-tests 
in diagnosing potentially infectious individuals. 

Methods 

Study design 

In the University Medical Center Groningen (UMCG), a large tertiary 
referring center employing >14,000 HCWs, HCWs at risk for a SARS- 
CoV-2 infection (i.e. having signs/symptoms of a SARS-CoV-2 infec-
tion, having a recent close contact with a person positively tested for 
SARS-CoV-2, traveled to a region/country with a high infection rate [6]) 
were tested for SARS-CoV-2 with RT-PCR. HCWs planning to work in the 
UMCG (instead of at home) were also tested with a SARS-CoV-2 Ag-test. 
Following a negative Ag-test result, HCWs were allowed to work in the 
hospital with proper personal protection equipment (PPE) awaiting the 
RT-PCR result. The RT-PCR result would follow within eight hours after 
sample collection. All HCWs of the UMCG, also including non-medical 
but essential staff, were included in this testing regimen, which is 
summarized in Fig. 1. 

Sample collection and testing 

Respiratory samples were collected by nasopharyngeal swabbing 
followed by oropharyngeal swabbing, using a nasopharyngeal flocked 
swab. Swabbing was performed by trained employees. This procedure 
was done twice. One sample was immediately processed for the SARS- 
CoV-2 Ag-test. A second sample was collected in 3 mL Universal 
Transport Medium (Copan, USA) and stored at room temperature until 
performance of the RT-PCR. 

From January-October 2021 and January-April 2022, the Panbio 
SARS-CoV-2 Ag-test (COVID-19 Ag Rapid Test Device, Abbott, USA) was 
used. From October 2021 until January 2022 the Biosynex SARS-CoV-2 
Ag-test (COVID-19 Ag BSS, Biosynex, France) was used. Ag-tests were 
performed according to the manufacturers’ protocols with the following 
adaptions: (1) The nasopharyngeal swab was complemented with an 
oropharyngeal swab. (2) For the Biosynex Ag-test, five instead of four 
droplets of extracted sample were used to perform the test. Results were 
confirmed by a second employee (four eyes principle). Ag-tests were 
classified as negative (control line (C-line) present, test line (T-line) 
absent), positive (C-line and T-line present) or indeterminate (C-line 
present, but the two independent observers disagreed on presence of a T- 
line, or: C-line absent). 

Multiple platforms were used for SARS-CoV-2 RT-PCR, including the 
Alinity-M system (Abbott, USA) using the Alinity-M SARS-CoV-2 assay 
or the Alinity-M resp-4-plex assay, the GeneXpert DX 4.4a system 
(Cepheid, USA) using the Xpert Xpress SARS-CoV-2/Flu/RSV kit, and 
the BioFire FilmArray Torch system (BioMérieux, France) using the 
BioFire Respiratory 2.1 plus panel kit. All were performed according to 
the manufacturers’ protocols. Also a lab developed RT-PCR was used 
based on a previously described RT-PCR [7,12], using the NucliSENS 
EasyMAG (Biomérieux, France) for nucleic acid extraction and the 
Applied Biosystems 7500 Real-time PCR system (Applied Biosystems, 
USA) for RT-PCR. 

Definitions and inclusion/exclusion 

In the analysis for Ag-test diagnostic accuracy, indeterminate Ag- 
tests were considered positive for optimal infection prevention 

measures. Indeterminate RT-PCR results were excluded. Some HCWs 
were screened multiple times over the study period. These measure-
ments are included as separate screening points. Only screening points 
with a paired RT-PCR and Ag-test result were included. Different studies 
report different cycling threshold values (Ct-values) of the SARS-CoV-2 
RT-PCR as cut-off for infectiousness [13–16]. We included both 
Ct-values ≤30 and ≤25 as cut-offs to show the performance of Ag-tests at 
both levels. Negative RT-PCR results are included and positive RT-PCR 
tests with Ct-values above the cut-off are excluded in these analyses. 

Statistical analyses 

Normality of data was investigated using histograms with fitted 
normal curves, QQ-plots, Shapiro-Wilk tests, skewness values and kur-
tosis values. Non-normally distributed continuous variables are pre-
sented as medians with interquartile range (IQR). Categorical variables 
are presented as n (%). Differences between two groups were analyzed 
using Mann-Whitney U tests. The diagnostic accuracy (sensitivity, 
specificity and number of correctly classified cases) of Ag-tests was 
determined using nonparametric ROC analysis, with RT-PCR as the 
reference standard. Positive predictive value (PPV) was calculated as 
follows: true positive results/(true positive + false positive results). 
Negative predictive value (NPV) was calculated as follows: true negative 
results/(true negative + false negative results). Specificity, sensitivity, 
correctly classified, PPV and NPV are presented as percentages. The area 
under the receiver operating curves (AUC) are represented with 95% 
confidence intervals (CI). A p-value <0.05 was considered significant. 
The statistical analysis was performed using Stata version 14 (Stata 
Corporation, College Station, USA). 

Results 

Population characteristics 

From January 2021 until April 2022, a total of 10,381 individual 
HCWs, were screened once or multiple times for SARS-CoV-2 infection 
by Ag-test and RT-PCR (Fig. 1, Supplemental Table 1). In total, 48,010 
combined tests were performed. The majority of tests were performed in 
female HCWs (n = 7634, 73.5%). The median age of the population was 
35.2 years (IQR 26.8–48.9 years). The median number of combined tests 
per individual was 3 (IQR 1–6 screenings) (Fig. 2A, Supplemental 
Table 1). The Alpha variant was dominant until week 23 of 2021, the 
Delta variant from week 24 until week 51 of 2021, and the Omicron 
variant (BA.1 or BA.2) from week 52 of 2021 and onwards (data not 
shown). During the dominancy of the respective variants, 15,862, 
14,909 and 17,239 paired tests were performed. 

Ag-tests were performed with the Biosynex kit and Panbio kit in 
respectively 13,269 (27.6%) and 34,741 (72.4%) of screenings (Sup-
plemental Table 2). Only Panbio Ag-tests were used during the domi-
nancy of the Alpha variant, whilst both types were used during the 
dominancy of the Delta and the Omicron variant (Fig. 2B). Overall, 1507 
(3.1%) Ag-tests showed a positive and 140 (0.3%) an indeterminate 
result (Fig. 2C, Supplemental Table 2). 

Most RT-PCR tests were performed on the Alinity-M system (n =
34,679; 72.2%) and lab developed RT-PCR (n = 13,288; 27.7%) (Sup-
plemental Table 1). In total, 2479 (5.2%) RT-PCRs had a positive result, 
of which 1529 (61.7%) had a Ct-value ≤25 and 402 (16.2%) a Ct-value 
between 26 and 30 (Fig. 2D, Supplemental Table 2). 

Diagnostic accuracy of SARS-CoV-2 Ag-tests 

Next, the overall diagnostic accuracy of SARS-CoV-2 Ag-tests was 
determined in the entire testing population.. The classification of Ag-test 
results with RT-PCR as the reference standard is shown in Table 1. In 
97.8% of screenings, the Ag-test resulted in a correct classification, and a 
sensitivity of 62.3% and a specificity of 99.8% was observed (Table 2). 
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Phase 4:
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T = 0 min
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T = 15-30 min
Phase 3: 
Ag-test result

Health care workers (HCWs) with test indication for SARS-CoV-2 
Individual HCWs: N=12,862

Tests: N=73,909

Ag-test result

RT-PCRAg-test + RT-PCR

Is the HCW planning to go to work at UMCG location today?

Not allowed to work at 
location

Allowed 
to work at 
location

Yes
N=48,010 tests (in 10,381 individual HCWs)

No
N=25,899 tests (in 9507 individual HCWs) 

Positive 
N=1507

Negative
N=46,393
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N=140

Allowed to work at 
location.

Suspected infection. Not 
allowed to work at 

location. Repeat RT-PCR 
for confirmation the next 
day. Consider negative if 
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SARS-CoV-2 infection

Positive 
N=2479

Negative
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IND
N=253
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N=4268
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N=18,646

IND
N=187

RT-PCR result RT-PCR result

Not allowed to work at 
location, unless 

recovered from recent 
SARS-CoV-2 infection

Fig. 1. Schematic overview of health care worker testing regime. Health care worker (HCW) screening was divided into five different phases. Phase 1 (T = 0 
min) was generally performed by the health care worker himself/herself. Indication for testing was based on (1) signs and/or symptoms of a Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2 infection), (2) close contact with a known positive person, or (3) after travelling to endemic areas as defined by the European 
Center of Disease Prevention and Control (ECDC) [2,5,6]. In phase 2 (T = 0 min), the test regime was determined. Asymptomatic or mild-symptomatic individuals 
planning to go to work in the University Medical Center Groningen (UMCG) (instead of at home) on the day of testing were tested with both a SARS-CoV-2 antigen 
(Ag) test and a SARS-CoV-2 Real-time polymerase chain reaction (RT-PCR). Otherwise, only SARS-CoV-2 RT-PCR was performed. In phase 3 (T = 15–30 min), based 
on the Ag-test result, it was decided whether a HCW was allowed to work at location awaiting the RT-PCR result (i.e. when the Ag-test result was negative), or should 
await the PCR result at home (when the Ag-test result was indeterminate (IND) or positive). In phase 4 (T ≤ 8 h), based on the RT-PCR result, the final decision was 
made on whether a HCW was allowed to work at location or should go into isolation. 

A. Piek et al.                                                                                                                                                                                                                                     



Journal of Clinical Virology 158 (2023) 105326

4

The PPV was 93.9% and the NPV was 98.0% . In total, 140 Ag-tests were 
classified as indeterminate. Of these, 77 (55.0%) had a negative, and 63 
(45.0%) a positive or indeterminate RT-PCR result. 

Looking into HCWs with false negative Ag-tests, the median Ct-value 
in RT-PCR was significantly higher as compared to HCWs with a true 
positive result (Ct-value 31 (IQR 28–34) vs. 19 (17–22), P<0.001). This 
can also be seen in the frequency distribution of Ct-values (Fig. 3A). 
Taking different Ct-values as cut-off for positivity, sensitivity increased 
with decreasing Ct-value (i.e. with increasing viral load), whilst speci-
ficity remained stable (Fig. 3B). 

By comparing the AUCs (Table 2), the diagnostic performance of Ag- 
tests during different variants of SARS-CoV-2 was compared. A better 
performance in detecting Delta variants (P = 0.013) and Omicron var-
iants (P<0.001) was observed as compared to detecting Alpha variants, 
but was similar during the dominancy of the Delta and Omicron variants 
(P = 0.192). No significant difference in performance was observed 
between Biosynex and Panbio Ag-tests (P = 0.213). This was also true 
when specifically looking at tests performed during the dominancy of 
the Delta variant (AUC Biosynex 0.800 (95% CI 0.765–0.834) vs. Panbio 
0.799 (0.745–0.853), P = 0.991) and the Omicron variant (Biosynex 
0.788 (0.747–0.830) vs. Panbio 0.822 (0.811–0.833), P = 0.117). 

Diagnostic accuracy of SARS-CoV-2 Ag-tests for identification of infectious 
cases 

Next, we determined the diagnostic accuracy of SARS-CoV-2 Ag-tests 
to identify infectious HCWs, with a Ct-value of ≤30 and ≤25 as cut-offs 

for infectiousness. The classification of Ag-test results with RT-PCR as 
the reference standard is shown in Table 1. With a cut-off at Ct-value 
≤30, 98.9% of Ag-tests resulted in a correct classification (Table 2), 
and Ag-test sensitivity and specificity was 79.0% and 99.8%, respec-
tively. With Ct-value ≤25 as a cut-off, 99.5% of antigen tests resulted in 
a correct classification. Sensitivity was 92.0%, by which the NPV 
increased to 99.7%. With respectively a Ct-value of ≤30 and ≤25 as cut- 
offs for infectiousness, 405 (0.9%) out of 47,209 Ag-tests and 122 (0.3%) 
out of 46,807 Ag-tests were false negative (Table 1). 

No significant difference in performance (AUC, Table 2) was 
observed between Biosynex and Panbio Ag-tests, and this holds true for 
both Ct-value cut-off ≤30 (P = 0.384) and ≤25 (P = 0.973). Also during 
Alpha variant dominancy, Delta variant dominancy and Omicron 
variant dominancy, no significant differences in diagnostic performance 
were observed, and this holds true both with Ct-value cut-off ≤30 (P ≥
0.730) and ≤25 (P ≥ 0.069). 

Discussion 

In this study, we investigated the diagnostic accuracy of SARS-CoV-2 
Ag-tests as a screening method for HCWs using 48,010 paired SARS- 
CoV-2 Ag-tests and RT-PCRs. Ag-tests showed a good diagnostic accu-
racy to classify HCWs as potentially infectious or not. With lower Ct- 
values as cut-off for infectiousness, diagnostic accuracy was higher 
and this was especially true for sensitivity. Together, Ag-tests show a 
high sensitivity to identify individuals with a high potential for trans-
mission, with the major advantage of providing fast results. 
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Fig. 2. Number of screenings per health care worker, Ag-test types and test results. (A) The number of tests for Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) infection performed per individual health care worker (HCW) for the population tested with the combination of an antigen (Ag) test and Real-time 
polymerase chain reaction (RT-PCR) (n = 48,010 tests, n = 10,381 HCWs). Bars represent the total number of HCWs, colors represent the total number of screenings 
per individual HCW (ranging from 1 screening to over 31 screenings per HCW). (B) Types of Ag-tests used to screen HCWs for SARS-CoV-2 during the dominancy of 
Alpha, Delta and Omicron SARS-CoV-2 variants. Included population is the population screened with both RT-PCR and Ag-test (n = 48,010 tests). (C-D) Test results of 
(C) Ag-tests and (D) RT-PCR tests. The total circle represents all tests (n = 48,010), and different sections of the circle the part of total. See Supplemental Table 2 for 
exact numbers per section. 
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Table 1 
Ag-test results as compared to RT-PCR as the reference standard.  

Reference standard for Ag-tests Total no. of tests, n Ag-test result as compared to RT-PCR reference standard, n (%)   
True negative False negative True positive False positive 

All RT-PCR results          
Total 47,757 45,177 (94.6%) 934 (2.0%) 1545 (3.2%) 101 (0.2%) 
Ag-test type          
Biosynex 13,229 12,867 (97.3%) 135 (1.0%) 196 (1.5%) 31 (0.2%) 
Panbio 34,528 32,310 (93.6%) 799 (2.3%) 1349 (3.9%) 70 (0.2%) 
Variant          
Alpha 15,817 15,543 (98.3%) 126 (0.8%) 122 (0.8%) 26 (0.2%) 
Delta 14,857 14,555 (98.0%) 109 (0.7%) 164 (1.1%) 29 (0.2%) 
Omicron 17,083 15,079 (88.3%) 699 (4.1%) 1259 (7.4%) 46 (0.3%)           

RT-PCR with Ct ≤30 and negatives          
Total 47,209 45,177 (95.7%) 405 (0.9%) 1526 (3.2%) 101 (0.2%) 
Ag-test type          
Biosynex 13,149 12,867 (97.9%) 58 (0.4%) 193 (1.5%) 31 (0.2%) 
Panbio 34,060 32,310 (94.9%) 347 (1.0%) 1333 (3.9%) 70 (0.2%) 
Variant          
Alpha 15,720 15,543 (98.9%) 31 (0.2%) 120 (0.8%) 26 (0.2%) 
Delta 14,793 14,555 (98.4%) 46 (0.3%) 163 (1.1%) 29 (0.2%) 
Omicron 16,696 15,079 (90.3%) 328 (2.0%) 1243 (7.4%) 46 (0.3%)           

RT-PCR with Ct ≤25 and negatives          
Total 46,807 45,177 (96.5%) 122 (0.3%) 1407 (3.0%) 101 (0.2%) 
Ag-test type          
Biosynex 13,088 12,867 (98.3%) 15 (0.1%) 175 (1.3%) 31 (0.2%) 
Panbio 33,719 32,310 (95.8%) 107 (0.3%) 1232 (3.7%) 70 (0.2%) 
Variant          
Alpha 15,687 15,543 (99.1%) 26 (0.2%) 112 (0.7%) 6 (0.0%) 
Delta 14,751 14,555 (98.7%) 18 (0.1%) 149 (1.0%) 29 (0.2%) 
Omicron 16,369 15,079 (92.1%) 46 (0.3%) 1146 (7.0%) 98 (0.6%) 

Ag-test results are represented as true negative, false negative, true positive or false positive as compared to PCR result as reference standard. Ag-test results are 
represented as total numbers and, between brackets, the percentage per row. Ag=Antigen. Ct=Cycle threshold value. RT-PCR=Real time polymerase chain reaction. 
SARS-CoV-2=Severe Acute Respiratory Syndrome Coronavirus 2. 

Table 2 
Diagnostic accuracy of SARS-CoV-2 Ag-tests.  

Reference standard for Ag-tests Sensitivity (%) Specificity (%) PPV (%) NPV (%) CC (%) AUC (95% CI) 

All RT-PCR results       
Total 62.3 99.8 93.9 98.0 97.8 0.811 (0.801–0.820) 
Ag-test type       
Biosynex 59.2 99.8 86.3 99.0 98.8 0.795 (0.768–0.821) 
Panbio 62.8 99.8 95.1 97.6 97.5 0.813 (0.803–0.823) 
Variant       
Alpha 49.2 99.8 82.4 99.2 99.0 0.745 (0.714–0.776) 
Delta 60.1 99.8 85.0 99.3 99.1 0.799 (0.770–0.828) 
Omicron 64.3 99.7 96.5 95.6 95.6 0.820 (0.809–0.831)        

RT-PCR with Ct ≤30 and negatives       
Total 79.0 99.8 93.8 99.1 98.9 0.894 (0.885–0.903) 
Ag-test type       
Biosynex 76.9 99.8 86.2 99.6 99.3 0.883 (0.857–0.909) 
Panbio 79.4 99.8 95.0 98.9 98.8 0.896 (0.886–0.905) 
Variant       
Alpha 79.5 99.8 82.2 99.8 99.6 0.897 (0.864–0.929) 
Delta 78.0 99.8 84.9 99.7 99.5 0.889 (0.861–0.917) 
Omicron 79.1 99.7 96.4 97.9 97.8 0.894 (0.884–0.904)        

RT-PCR with Ct ≤25 and negatives        
Total 92.0 99.8 93.3 99.7 99.5 0.959 (0.952–0.966) 
Ag-test type       
Biosynex 92.1 99.8 85.0 99.9 99.7 0.959 (0.940–0.979) 
Panbio 92.0 99.8 94.6 99.7 99.5 0.959 (0.952–0.966) 
Variant       
Alpha 94.9 99.8 81.2 100.0 99.8 0.974 (0.954–0.994) 
Delta 89.2 99.8 83.7 99.9 99.7 0.945 (0.922–0.969) 
Omicron 92.1 99.7 96.1 99.4 99.1 0.959 (0.952–0.967) 

AUC=Area under the receiver operating characteristics curve. Ag=Antigen. CI=Confidence interval. CC––Correctly classified. Ct=Cycle threshold value. 
NPV=Negative predictive value. PPV=Positive predictive value. RT-PCR=Real time polymerase chain reaction. SARS-CoV-2=Severe Acute Respiratory Syndrome 
Coronavirus 2. PPV was calculated as follows: number of true positive results / (number of true positive results + number of false positive results). NPV was calculated 
as follows: number of true negative results / (number of true negative + number of false negative results). 95% confidence intervals (CI) for PPV and NPV are ≤0.60% 
and ≥0.03%. 95% CI for sensitivity and specificity are ≤0.84% and ≥0.01%. 

A. Piek et al.                                                                                                                                                                                                                                     



Journal of Clinical Virology 158 (2023) 105326

6

Amongst the included HCWs, Ag-tests correctly identified 45,177 
HCWs without SARS-CoV-2, who consequently were all able to work on 
the day of testing. Thus, during the study period the loss of 45,177 
working days was prevented. Since Ag-tests are relatively cheap 
(approximately 5 Euros) as compared to the costs of a lost working day, 
including Ag-tests in the testing of HCWs for SARS-CoV-2 is likely to be 
highly cost-effective, both benefiting health care continuity and hospital 
finances. 

Unfortunately, also false negative Ag-tests were observed amongst 
the tested HCWs and thus some HCWs were allowed to enter the work 
floor whilst they had the potential to be infectious for patients and co- 
workers. Depending on the Ct-value that is considered the cut-off for 
infectiousness, in our study the false negative rate of Ag-tests was 0.9% 
(Ct-value ≤30) or 0.3% (Ct-value ≤25). We believe that this rate is 
relatively low and thus acceptable, especially since our protocol pre-
scribed that all HCWs had to wear proper PPE awaiting the RT-PCR 
result, which followed the Ag-test result within eight hours. By this we 
limited any unwanted spread of SARS-CoV-2 from HCWs with, in 
hindsight, a false negative Ag-test result. 

Previously, several studies reported the diagnostic accuracy of SARS- 
CoV-2 Ag-tests [8–11]. Our study included a large amount of Ag-tests 
and, to our knowledge, this is the largest study till date in which all 
Ag-tests were confirmed by RT-PCR. The size of the dataset provides the 
opportunity to draw solid conclusions on SARS-CoV-2 Ag-test perfor-
mance in the context of HCWs screening. Importantly, we did not 
observe significant differences in Ag-test performance to detect infec-
tious cases, neither between SARS-CoV-2 variants, nor between the two 
used types of Ag-tests (Biosynex and Panbio). Moreover, we observed 
that Ag-test sensitivity was positively associated with viral load, and this 
was in accordance with previous data [10,17]. 

Our study suggests that Ag-tests could be considered to test HCWs at 
risk for SARS-CoV-2 infectiousness. Importantly, we believe that several 
precautions are important: (1) In our center we used trained employees 
for sample collection Ag-test performance. This is important for a reli-
able performance and interpretation of Ag-tests, and especially for the 
interpretation of ‘weak positive’ Ag-test results [18]. (2) We used a 
combined nasopharyngeal and oropharyngeal swab, as with nasopha-
ryngeal swab alone some positive HCWs might be missed. (3) Additional 
RT-PCR for positive Ag-test results should be considered. During low 
community prevalence of the virus, RT-PCR can be of value to prevent 
unnecessary isolation due to false positive results. (4) For early detection 
of SARS-CoV-2 infection, RT-PCR and/or repetitive Ag-testing should be 
considered, as in the early phase of SARS-CoV-2 infection viral load 
might be low resulting in limited Ag-test sensitivity. (5) With indeter-
minate Ag-test results it is important to either repeat the Ag-test and/or 
perform additional RT-PCR, to provide a final verdict on HCW infec-
tiousness. Together, we think an optimal SARS-CoV-2 screening regime 
should entail both Ag-testing and the option for additional RT-PCR. 
Since amongst patients it is also important to be able to identify 

patients with higher Ct-values (infected but less/not infectious), we 
believe SARS-CoV-2 RT-PCR should remain the gold standard for 
patients. 

Besides SARS-CoV-2 Ag-tests and RT-PCR, a wide variety of other 
SARS-CoV-2 testing modalities are available, all with varying diagnostic 
performance, turnaround time and costs. Depending on, amongst others, 
the size of the testing population and the locally available testing and 
laboratory infrastructure, other rapid detection methods, for example 
reverse transcriptase loop-mediated isothermal Amplification (RT- 
LAMP) [19–21], can be considered to be part of a SARS-CoV-2 testing 
regime. 

Some limitations should be mentioned. First, no clinical data on 
signs/symptoms of positive HCWs were available. However, every Ag- 
test was paired with a RT-PCR result with Ct-value, providing data on 
the SARS-CoV-2 status and degree of infectiousness of HCWs. Second, 
only HCWs planning to work in the hospital (instead of at home) were 
also tested with an Ag-test. Since these HCWs were feeling fit enough for 
work, it is likely that this group had relatively minor or no signs/ 
symptoms, and thus might have had a relatively low viral load. Possibly, 
this has affected the diagnostic accuracy as presented in this study, most 
likely resulting in an underestimation of Ag-test sensitivity, since pre-
vious studies showed a lower sensitivity of the Ag-test in asymptomatic 
individuals [22–24]. 

Conclusion 

In conclusion, to prevent transmission from HCWs to patients and co- 
workers while maintaining workforce capacity, Ag-tests are a valuable 
addition to RT-PCR tests, as they have a quick turnaround time and 
excellent sensitivity for identifying individuals with high potential for 
transmission. By including Ag-tests in a testing regime to screen HCWs 
who possibly are infectious for SARS-CoV-2, and allowing HCWs with a 
negative Ag-test result to work awaiting the RT-PCR result, the loss of a 
large number of working days can be prevented, with a major impact on 
both health care continuity and hospital finances. 
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Fig. 3. Association of Ag-test diagnostic ac-
curacy with RT-PCR Ct-values. (A) Distribu-
tion of Cycling threshold values (Ct-values) as 
acquired by real time polymerase chain reac-
tion (RT-PCR) for false negative antigen (Ag) 
test results (black bars) and true positive Ag-test 
results (pink bars). RT-PCR results were taken 
as the reference standard for the Ag-tests. Bin 
Center=1. Bars represent absolute numbers. (B) 
Sensitivity (red dots) and specificity (green 
squares) of the Ag-tests at different Ct-value 
cut-offs as reference standard. Sensitivity and 
specificity are represented as percentages.   
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