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A B S T R A C T   

Since diagnostic sampling material must be considered as infectious, we evaluated whether extraction buffers of 
SARS-CoV-2 rapid antigen test kits may inactivate SARS-CoV-2. Of concern, seven of nine tested buffers lacked 
potent virucidal activity. To reduce risk of infection during assay performance, virucidal antigen extraction 
buffers that efficiently inactivate virus should replace the extraction buffers in these commercially available 
point-of-care devices.   

1. Introduction 

In late 2019, SARS-CoV-2 emerged as a human pathogen resulting in 
a pandemic with several million deaths worldwide [1]. Countermea-
sures taken include vaccination, social distancing, wearing masks, and 
the identification and isolation of SARS-CoV-2 infected individuals. The 
gold standard for SARS-CoV-2 detection are nucleic acid amplification 
tests which are highly sensitive but have practical limitations [2]. 
SARS-CoV-2 rapid antigen tests allow convenient mass testing in a 
cheaper and more flexible way, can be performed directly on site and 
deliver fast results [3]. Therefore, the use of these point-of-care devices 
became an indispensable strategy to contain the pandemic. 

Several SARS-CoV-2 antigen tests have been approved by authorities 
and are commercially available [3]. Rapid antigen tests require sam-
pling of saliva or nasopharyngeal/nasal swabs followed by extraction of 
the viral antigen in an antigen extraction buffer and subsequent analysis 
by lateral flow immunoassay. To allow subsequent assay performance, 
antigen extraction buffers are milder than RNA extraction buffers which 
are generally virus-inactivating [4]. Since the sampling material, i.e. 
saliva and nasopharyngeal swabs, must be considered as infectious, the 
WHO recommends the handling of sample material and its testing in a 
biological safety cabinet [5]. However, the tests are also performed at 
places without adequate safeguards, e.g. in the private (household) and 
public (school, work place, restaurants) [3]. We here evaluated whether 
extraction buffers of commercially available SARS-CoV-2 antigen tests 
inactivate SARS-CoV-2, which would minimize the risk of infection 
during and after assay performance. 

2. Material and methods 

A detailed description of materials and methods is available in the 
supplementary material. 

3. Results 

Hence, we here evaluated whether antigen extraction buffers of nine 
commercially available SARS-CoV-2 antigen test kits (buffers B1-B9, 
Table S1) inactivate SARS-CoV-2, which would minimize the risk of 
infection during and after assay performance. As control, a newly 
developed antigen extraction buffer with known virucidal activity 
(buffer B10, Table S1) was included. To be within the range of SARS- 
CoV-2 concentrations detected in patient swabs [6, 7] we used viable 
SARS-CoV-2 adjusted to 3.2 × 1010 RNA copies/ml. In order to mimic 
the physiological environment in the upper respiratory tract, 
SARS-CoV-2 D614G variant was mixed with a “respiratory 
secretion-mimicking interfering substance”, which contains albumin, 
mucin and yeast, following a quantitative suspension test protocol [8 – 
10]. This solution was then mixed with buffers B1-B10 and incubated for 
1 or 15 min, a period of time which corresponds to the most common 
extraction and running times of rapid antigen tests. 

Remaining viral infectivity was then determined by 50% tissue cul-
ture infectious dose (TCID50) analysis. As shown in Fig. 1a and 1b, most 
buffers did not fully inactivate SARS-CoV-2 infectivity. The PBS control 
demonstrated high infectivity with 1.7 × 105 TCID50/ml after 1 min 
incubation (Fig. 1a), and 7.1 × 104 TCID50/ml after 15 min incubation 
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(Fig. 1b). After 1 min incubation, virucidal B10 diminished infectivity 
below the detection limit, which corresponds to a 99.92% reduction 
(Fig. 1a). After 15 min incubation, B6, B7 and B10 inactivated SARS- 
CoV-2 below the detection limit, yielding a 96.10% (B6), 95.62% (B7) 
or 99.80% (B10) reduction in infectivity, respectively. Residual infec-
tion was still detectable upon incubation with the other buffers, with B3, 
B4 and B9 showing almost no virucidal activity (Fig. 1b). 

Buffer B10 displayed highest virucidal activity but lowest cytotoxic 
effects (Fig. 1a, b). Thus, we further evaluated its virucidal activity 
against circulating SARS-CoV-2 variants of concern (VOCs). As saliva 
rather than nasopharyngeal swabs are proposed as novel gold standard 
sample for SARS-CoV-2 diagnostic [11, 12], we additionally analyzed 
the effect of B10 on VOCs B.1.1.7 (Alpha) or B.1.351 (Beta) in the 
presence of saliva. As shown in Fig. 1c, B10 inactivated the three 
SARS-CoV-2 strains already after one minute of incubation, with 
TCID50/ml values below the detection limit, which corresponds to 
99.98% (D614G), 97.93% (B.1.1.7) and 99.25% (B.1.351) decrease in 
infectivity, respectively. 

Moreover, B10 not only effectively inactivated SARS-CoV-2, but also 
other enveloped viruses including measles, influenza A, Zika, and herpes 
simplex viruses 1 and 2, whereas non-enveloped adenovirus was not 
affected (Figure S1). After proving the virucidal activity of B10, we 
evaluated its performance in actual rapid antigen tests. We replaced the 
provided kit buffer with B10 and performed the test with a positive and 
negative sample yielding the expected results (Figure S2). 

4. Discussion 

Collectively, our findings imply that SARS-CoV-2 is often not prop-
erly inactivated during currently available rapid antigen tests. The 
apparent low virucidal activity of many antigen extraction buffers is 
alarming because virus-contaminated sampling material and test com-
ponents such as tubes and lateral flow cassettes as well as working 
surfaces may pose a risk of infection for those that are involved in the 
assay workflow. Interestingly, the British Department of Health and 
Social Care reported similar findings showing that most tested antigen 
extraction buffers do not exhibit potent virucidal activity against SARS- 
CoV-2 [13]. 

It is thus imperative that current rapid antigen tests lacking a viru-
cidal extraction buffer are subjected to a suitable and sufficient risk 
assessment, and that appropriate safety precautions are taken, in 
particular when larger numbers of tests are carried out at the same time, 
e.g. during testing in schools or companies. 

Since manufacturers and/or providers of rapid antigen tests do not 
disclose the composition of their extraction buffers, we cannot provide 
explanations for why some buffers inactivate virus and others do not. 
However, it is noteworthy that antigen extraction buffers, which effec-
tively inactivate SARS-CoV-2 and other enveloped viral pathogens are 
available. Moreover, B10 allowed unchanged test performance upon 
replacement of the extraction buffer showing that the virus-inactivating 
effect of B10 does not interfere with the antibody-antigen interaction in 

Fig. 1. Virucidal activity of extraction buffers in rapid SARS-CoV-2 antigen tests. a, b) A solution of 10% SARS-CoV-2 D614G, 10% interfering substance (5% (w/v) 
albumin fraction V, 0.4% (w/v) mucin from bovine submaxillary glands type I-S, 5% (w/v) yeast extract) and 80% of the respective buffer B1-B10 or phosphate 
buffer saline (PBS) was analyzed according to quantitative suspension tests as described in DIN EN 14,476 [8,9]. After incubation for (a) 1 min or (b) 15 min, viral 
infectivity was quantified by TCID50 endpoint titration on Vero E6 cells. Detection limits caused by cytotoxicity of buffers are shown in gray, infectious titers in black. 
c) 10% virus (D614G variant or VOCs B.1.1.7 or B.1.351) was spiked into 90% pooled saliva and mixed 1:4 with B10 or PBS. After the indicated incubation times, an 
endpoint titration on Vero E6 cells was performed to determine TCID50/ml. Dotted lines indicate limit of detection due to cytotoxicity. a–c) Shown are means of three 
independent experiments ± SD. 
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the test cassette. Thus, ready-to-use buffers that inactivate virus and 
allow downstream assays, should quickly replace the non-virucidal an-
tigen extraction buffers in available or new SARS-CoV-2 rapid antigen 
tests to reduce risk of infection and allow safe handling of these point-of- 
care devices. 
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