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A B S T R A C T   

Background: An accurate diagnosis is essential to identify and manage SARS-CoV-2 infected patients and 
implement infection control measures. Although real-time reverse transcription polymerase chain reaction (RT- 
PCR) is the current recommended laboratory method, several rapid antigen point-of-care tests (POCTs) were 
developed as frontline testing for SARS-CoV-2 infection diagnosis. 
Objectives: The aim of this study was to assess a recently CE-approved POCT, SARS-CoV-2 Ag Test on the 
LumiraDx™ Platform (LumiraDx GmbH, Cologne, Germany) for the identification of SARS-COV-2 infected 
subjects at hospital setting. 
Methods: LumiraDx POCT was implemented in three hospital settings: adult and pediatric emergency de-
partments and occupational medicine department along two-month period during the second peak of Italian 
SARS-CoV-2 pandemic. Rapid antigen testing was performed on direct nasal swabs and results were compared 
with those obtained by Xpert Xpress SARS-CoV-2 assay. 
Results: Overall sensitivity, specificity, NPV and PPV were 90.3%, 92.1%, 95.1%, and 84.9%, respectively, 
compared to reference method. Sensitivity, specificity, PPV and NPV for symptomatic group were 89.3% [95% IC 
84.2-93.3], 88.2% [95% IC 72.5-96.7], 97.8% [95% IC 94.6-99.1], and 58.8% [95% IC 48.4-68.5], respectively. 
Sensitivity, specificity, PPV and NPV for asymptomatic group were 92.1% [95% IC 85-96.5], 92.3% [95% IC 
89.9-94.4], 67.9% [95% IC 61.3-73.8], and 98.5% [95% IC 97.1-99.2], respectively. False positive and negative 
antigen testing results in both symptomatic and asymptomatic group were observed. 
Conclusion: SARS-CoV-2 Ag POCT may represent an interesting tool to rapidly identify symptomatic or asymp-
tomatic infected subjects. However, in hospital setting in which false negative or false positive results may have 
relevant implications, confirmatory NAAT always remains necessary for the appropriate management of patients.   

1. Background 

The coronavirus disease (COVID-19), caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), has emerged as a major 
public health emergency worldwide [1,2]. As the clinical manifestation 
of SARS-CoV-2 infection is highly variable, from asymptomatic to severe 
acute respiratory distress syndrome, an accurate diagnosis is crucial to 
identify and manage infected patients and implement infection control 
measures to limit SARS-CoV-2 spread. Probe-based real-time reverse 

transcription polymerase chain reaction (RT-PCR) has been the gold 
standard method for SARS-CoV-2 detection and widely used for 
screening, as recommended by WHO and CDC [3,4]. However, RT-PCR 
as well as the other molecular assays (i.e. loop-mediated isothermal 
amplification-based assay [RT-LAMP], microarray, and high-throughput 
sequencing) are costly, often time consuming and require special 
equipment and skilled laboratory personnel. Furthermore, growing 
SARS-CoV-2 pandemic and the dearth of molecular testing capacity, as 
well as reagents around the world, demanded the development of 
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Italy. 

E-mail addresses: gabriele.bianco@unito.it, gabrielebnc87@gmail.com (G. Bianco).  

Contents lists available at ScienceDirect 

Journal of Clinical Virology 

journal homepage: www.elsevier.com/locate/jcv 

https://doi.org/10.1016/j.jcv.2021.104838 
Received 15 February 2021; Received in revised form 8 April 2021; Accepted 15 April 2021   

mailto:gabriele.bianco@unito.it
mailto:gabrielebnc87@gmail.com
www.sciencedirect.com/science/journal/13866532
https://www.elsevier.com/locate/jcv
https://doi.org/10.1016/j.jcv.2021.104838
https://doi.org/10.1016/j.jcv.2021.104838
https://doi.org/10.1016/j.jcv.2021.104838
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcv.2021.104838&domain=pdf


Journal of Clinical Virology 139 (2021) 104838

2

point-of-care tests (POCTs) as frontline testing for SARS-CoV-2 infection 
diagnosis. Antigen-detecting rapid diagnostic tests are relatively inex-
pensive, simple to perform and enable obtaining point-of-care results 
within few minutes [5–13]. 

2. Objective 

The aim of this study was to assess a recently CE-approved POCT, 
SARS-CoV-2 Ag Test on the LumiraDx™ Platform (LumiraDx GmbH, 
Cologne, Germany) for the identification of SARS-COV-2 infected in-
dividuals in comparison with the reference method RT-PCR. 

3. Study design 

The prospective controlled observational study was conducted at the 
University Hospital Città della Salute e della Scienza di Torino, Turin 
(Italy), which is the largest tertiary care facility in Europe. Three hos-
pital settings were considered: adult and pediatric emergency de-
partments and occupational medicine department along the period 
October 2020 to December 2020, during the second peak of Italian 
SARS-CoV-2 pandemic. 

The LumiraDx™ SARS-CoV-2 Antigen Test is a microfluidic immu-
nofluorescence assay for the direct and qualitative detection of nucleo-
capsid protein antigen of SARS-CoV-2 in nasal and nasopharyngeal swab 
specimens. It exploits microfluidic test strips that contain specific anti-
bodies to form an immunoassay complex that uses a fluorescent latex 
signal to detect the nucleocapsid protein antigen in the test sample. It 
was performed on direct nasal swabs in the three wards by trained staff 
according to manufacturer’s instructions. In parallel, nasopharyngeal 
swabs were collected in COPAN’s UTM and tested using Xpert Xpress 
SARS-CoV-2 assay (Cepheid, Sunnyvale, CA) [14] at the Microbiology 
and Virology Unit within few hours after collection. All participants 
provided information on demographic characteristics and on the pres-
ence of current or past symptoms potentially related to SARS-CoV-2 
infection [15]. 

Sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) of the LumiraDx POCT with 95% confidence 
interval [95% CI] were computed using the free software MedCalc 
website (http://medcalc.org/). 

The RT-PCR Ct values were recorded in cases of RT-PCR positive/ 
antigen testing negative paired results. In the other cases with RT-PCR 
negative/antigen testing positive, a second nasopharyngeal swab was 
collected and analyzed by RT-PCR 24h after the first paired swabs 
collection. 

4. Results 

Overall, 907 patients were evaluated, including 656 and 165 subjects 
at the adult and pediatric emergency departments, respectively, and 86 
healthcare workers at the occupational medicine unit. The mean age of 
the study population was 47.9 (range: 2 months-94 years) with a sex 
ratio of 0.8 (402 male and 505 women). At specimen collection, 676 
(74.5%) participants were asymptomatic and 231 (25.5%) reported 
experiencing one or more COVID-19 symptoms. The median interval 
from symptom onset to specimen collection was 4 days (interquartile 
range 2-7). 

According to RT-PCR results, 298 (32.9%) participants were positive 
to SARS-CoV-2, of which 197 (85.3%) and 101 (14.9%) with symptoms 
and no symptoms, respectively (Table 1). 

Performance of LumiraDx POCT was showed in Table 1. Overall 
sensitivity, specificity, PPV and NPV were 90.3% [95% IC 86.3-93.4], 
92.1% [95% IC 89.7-94.1], 84.9% [95% IC 81-88], and 95.1% [95% 
IC 93.2-96.5], respectively. 

Sensitivity, specificity, PPV and NPV for symptomatic group were 
89.3% [95% IC 84.2-93.3], 88.2% [95% IC 72.5-96.7], 97.8% [95% IC 
94.6-99.1], and 58.8% [95% IC 48.4-68.5], respectively. 

Sensitivity, specificity, PPV and NPV for asymptomatic group were 
92.1% [95% IC 85-96.5], 92.3% [95% IC 89.9-94.4], 67.9% [95% IC 
61.3-73.8], and 98.5% [95% IC 97.1-99.2], respectively. Among RT- 
PCR positive/antigen testing negative cases, the mean RT-PCR Ct 
value was 35.4 (range 27.8-40.5). 

False positive antigen testing results were observed in both symp-
tomatic and asymptomatic group, 1.7% (n = 4) and 6.5% (n = 44), 
respectively. None of the patients positive by LumiraDx™ POCT tested 
positive by molecular testing on the second nasopharyngeal swab 
collected 24h after. False negative antigen testing results were also 
observed in both symptomatic and asymptomatic group, 9.1% (n = 21) 
and 1.1% (n = 8), respectively. 

5. Discussion 

In the ongoing pandemic context of COVID-19, diagnostic testing for 
SARS-CoV-2 is crucial to limit the spread of the virus and manage 
infected patients. Several rapid tests based on SARS-CoV-2 proteins 
detection have been developed and are now available on the market. 
Despite rapid antigen tests were reported to have high specificity, a wide 
range of sensitivity, often lower than declared by the manufacturers, was 
reported [8–13]. In this evaluation, sensitivity of LumiraDx™ POCT was 
acceptable (90.3%) when compared to RT-PCR, slightly lower than re-
ported by the manufacturer (93.1%) but significantly higher than most 
evaluated rapid antigen-based tests [7–13]. 

However, if considering population tested, in symptomatic group 
showing a high prevalence of SARS-CoV-2 infection (85.3%), the low 
NPV suggested that in settings with relatively high SARS-CoV-2 preva-
lence patients with a negative antigen testing result should require a 
confirmatory Nucleic Acid Amplification Test (NAAT). Although we did 
not perform a detailed correlation analysis between RT-PCR Ct values 

Table 1 
Performance of SARS-CoV-2 Ag Test on the LumiraDx™ Platform compared to 
RT-PCR reference method.  

Results and Performance Real-time RT-PCR 
Positive Negative Total 

LumiraDx SARS-CoV-2 Ag Test results 
All partecipants    
Positive 29.7 (269) 5.3 (48) 35 (317) 
Negative 3.2 (29) 61.8 (561) 65 (590) 
Total 32.9 (298) 67.1 (609) 100 (907) 
Symptomatic (≥1 symptom) 
Positive 76.2 (176) 1.7 (4) 77.9 (180) 
Negative 9.1 (21) 13 (30) 22.1 (51) 
Total 85.3 (197) 14.7 (34) 100 (231) 
Asymptomatic 
Positive 13.8 (93) 6.5 (44) 20.3 (137) 
Negative 1.1 (8) 78.6 (531) 79.7 (539) 
Total 14.9 (101) 85.1 (575) 100 (676) 
LumiraDx SARS-CoV-2 Ag Test performance, % [95% CI] 
All partecipants (n ¼ 907) 
Sensitivity 90.3 [86.3-93.4]   
Specificity 92.1 [89.7-94.1]   
PPV 84.9 [81-88]   
NPV 95.1 [93.2-96.5]   
Symptomatic (n ¼ 231) 
Sensitivity 89.3 [84.2-93.3]   
Specificity 88.2 [72.5-96.7]   
PPV 97.8 [94.6-99.1]   
NPV 58.8 [48.4-68.5]   
Asymptomatic (n ¼ 676) 
Sensitivity 92.1 [85-96.5]   
Specificity 92.3 [89.9-94.4]   
PPV 67.9 [61.3-73.8]   
NPV 98.5 [97.1-99.2]   

All data are shown as relative,%, and absolute (n) frequencies if not otherwise 
stated. 
Abbreviations: CI, confidence interval; PPV, positive predictive value; NPV, 
negative predictive value. 
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and antigen testing results, we observed relatively high Ct values in 
individuals with false-negative antigen testing results, as previously and 
extensive reported [5-8,10-13]. 

In asymptomatic group showing a quite lower prevalence of SARS- 
CoV-2 infection (14.9%), the low PPV suggested that in settings with 
relatively low SARS-CoV-2 prevalence a confirmatory NAAT testing 
should be considered for patients with a positive antigen test result. 
Conversely, the high NPV showed that patients with a negative antigen 
test result are unlikely to be infected with SARS-CoV-2 and could not 
require confirmatory NAAT. 

Given the relevant number of both false negative and positive results, 
implementation in hospital settings of SARS-CoV-2 Ag test-based algo-
rithms might outweigh benefits [16], especially in emergency and 
occupational medicine departments. In fact, management of both 
symptomatic and asymptomatic patients who need hospitalization for 
other reasons than COVID-19 would require in any case a confirmatory 
NAAT, unshortening emergency stay. Similarly, management of 
healthcare workers should also include a confirmatory NAAT given the 
relevant impact of both false negative and positive results in term of risk 
of spreading SARS-CoV-2 in hospital settings and health services 
disruption for sick leave. In conclusion, although SARS-CoV-2 Ag Test on 
the LumiraDx™ Platform has important advantages such as rapidity, 
lower cost, easy-to-use, limited technical skill and equipment required in 
comparison to molecular testing, our data highlighted relevant limita-
tions in PPV and NPV. Analytical performance of rapid antigen testing 
largely depends on several factors, such as viral load, quality of the 
specimen and processing methods, time from symptoms onset and 
setting of patients tested. Therefore, SARS-CoV-2 Ag POCT may repre-
sent an interesting tool to rapidly identify symptomatic or asymptomatic 
infected individuals and its adoption might be more suitable in mass 
screening programs, with confirmatory NAAT of individuals tested 
positive. Conversely, in setting in which false negative or false positive 
results may have relevant implications, confirmatory NAAT always re-
mains necessary for the appropriate management of patients. 

Authors Declarations 

All named authors have seen and agreed to the submitted version of 
the paper; all who are included in the acknowledgements section, or as 
providers of personal communications, have agreed to those inclusions; 
the material is original, unpublished and has not been submitted 
elsewhere.  

• No material which has been published elsewhere is contained in the 
article.  

• No material related to commercial products is contained in the 
article.  

• No pending publication of the material in conference proceedings, 
letters to journals and brief communications etc. is contained in the 
article.  

• All authors declare no conflict of interest and no sources of funding.  
• The authors received no financial support for the research.  
• The study was performed according to the declaration of Helsinki 

principles and our institution’s ethical standards. 

Gabriele Bianco, Matteo Boattini, Anna Maria Barbui, Gitana Scoz-
zari, Franco Riccardini, Maurizio Coggiola, Enrico Lupia, Rossana Cav-
allo, Cristina Costa 

Declaration of Competing Interest 

The authors declare no conflicts of interest. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

References 

[1] F. Wu, S. Zhao, B. Yu, Y.-.M. Chen, W. Wang, Z.-.G. Song, A new coronavirus 
associated with human respiratory disease in China, Nature (2020) 1–8, https:// 
doi.org/10.1038/s41586-020-2008-3. 

[2] WHO, Director-General’s opening remarks at the media briefing on COVID-19 - 11 
March 2020, 2020. https://www.who.int/dg/speeches/detail/who-director-g 
eneral-s-opening-remarks-at-the-media-briefing-on-covid, 19—11-march-2020. 

[3] WHO WHO, Laboratory testing for coronavirus disease (COVID-19) in suspected 
human cases, Interin Guidance, 2020. 

[4] CDC C-NC-nR-TR-PDP CDC, CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time 
RT-PCR Diagnostic Panel, 2020. 

[5] L. Porte, P. Legarraga, V. Vollrath, X. Aguilera, J.M. Munita, R. Araos, et al., 
Evaluation of a novel antigen-based rapid detection test for the diagnosis of SARS- 
CoV-2 in respiratory samples, Int. J. Infect. Dis. 99 (2020) 328–333, https://doi. 
org/10.1016/j.ijid.2020.05.098. 

[6] M. Nagura-Ikeda, K. Imai, S. Tabata, K. Miyoshi, N. Murahara, T. Mizuno, et al., 
Clinical Evaluation of Self-Collected Saliva by Quantitative Reverse Transcription- 
PCR (RT-qPCR), Direct RT-qPCR, Reverse Transcription-Loop-Mediated Isothermal 
Amplification, and a Rapid Antigen Test To Diagnose COVID-19, J. Clin. Microbiol. 
58 (2020), https://doi.org/10.1128/JCM.01438-20 e01438-20. 

[7] Y. Hirotsu, M. Maejima, M. Shibusawa, Y. Nagakubo, K. Hosaka, K. Amemiya, et 
al., Comparison of automated SARS-CoV-2 antigen test for COVID-19 infection 
with quantitative RT-PCR using 313 nasopharyngeal swabs, including from seven 
serially followed patients, Int. J. Infect. Dis. 99 (2020) 397–402, https://doi.org/ 
10.1016/j.ijid.2020.08.029. 
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