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Abstract: The identification of viral RNA using reverse transcription quantitative polymerase chain
reaction (RT-qPCR) is the gold standard for identifying an infection caused by SARS-CoV-2. The
limitations of RT-qPCR such as requirement of expensive instruments, trained staff and laboratory
facilities led to development of rapid antigen tests (RATs). The performance of RATs has been
widely evaluated and found to be varied in different settings. The present systematic review aims to
evaluate the pooled sensitivity and specificity of the commercially available RATs. This review was
registered on PROSPERO (registration number: CRD42021278105). Literature search was performed
through PubMed, Embase and Cochrane COVID-19 Study Register to search studies published up
to 26 August 2021. The overall pooled sensitivity and specificity of RATs and subgroup analyses
were calculated. Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) was used to
assess the risk of bias in each study. The overall pooled sensitivity and specificity of RATs were 70%
(95% CI: 69–71) and 98% (95% CI: 98–98), respectively. In subgroup analyses, nasal swabs showed
the highest sensitivity of 83% (95% CI: 80–86) followed by nasopharyngeal swabs 71% (95% CI:
70–72), throat swabs 69% (95% CI: 63–75) and saliva 68% (95% CI: 59–77). Samples from symptomatic
patients showed a higher sensitivity of 82% (95% CI: 82–82) as compared to asymptomatic patients
at 68% (95% CI: 65–71), while a cycle threshold (Ct) value ≤25 showed a higher sensitivity of 96%
(95% CI: 95–97) as compared to higher Ct value. Although the sensitivity of RATs needs to be
enhanced, it may still be a viable option in places where laboratory facilities are lacking for diagnostic
purposes in the early phase of disease.

Keywords: SARS-CoV-2; rapid antigen test; systematic review; sensitivity; specificity

1. Introduction

Coronavirus disease 2019 (COVID-19), an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has evolved into a global pandemic
and is still a major health concern around the world. The initial outbreak of SARS-CoV-2
started in Wuhan, China, in December 2019 [1,2]. As of 17 August 2021, SARS-CoV-2
infected over 211 million people and killed over 4.4 million people worldwide. Those
infected with the SARS-CoV-2 experience a variety of symptoms, including fever, cough,
exhaustion, shortness of breath, headache, sore throat, and loss of smell and taste [3–5].
The symptoms develop normally after 2 days to 2 weeks and last up to 3 weeks or longer
for patients with mild to severe COVID-19 infection [1]. The SARS-CoV-2 infection can be
divided into five stages. These stages are asymptomatic, mild, moderate, severe, and critical.
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Asymptomatic cases are infected individuals with no clinical symptoms. Cough, fever,
nasal congestion, muscle soreness, and a sore throat are common symptoms in the early
stages. Moderate stages showed mild or moderate clinical features, and the result of chest
imaging revealed mild pneumonia. Shortness of breath and a drop in oxygen saturation
below 93% are symptoms of severe phases, whereas respiratory failure and the requirement
for mechanical ventilation, as well as other organ failure, necessitate ICU therapy.

The highly infectious SARS-CoV-2 is currently known to be transmitted to other people
through respiratory droplets and aerosols exhibited by infected individuals [6]. COVID-19
sufferers’ exhalation, sneezing and coughing produce viral plumes containing thousands of
droplets per cubic centimetre, causing transmission when an individual comes into contact
with infected others [7]. Recently, the World Health Organization (WHO) officially declared
COVID-19 as an air-borne transmission, which can be defined as droplets transmission
with the presence of infectious agents in the droplet nuclei that may linger in the air for
long periods of time [8]. Asymptomatic persons can also create and release vast quantities
of droplets smaller than 1 µm during normal breathing and speech [9].

SARS-CoV-2 is severely affecting the global economics and mental health due to
restrictions for preventing and controlling the disease transmission [10–12]. Rapid testing
of those suspected of having COVID-19 infection is critical so that those who are infected
can rapidly self-isolate, reducing the risk of SARS-CoV-2 spreading into the community.
The reverse transcription quantitative polymerase chain reaction (RT-qPCR), which detects
SARS-CoV-2 RNA in respiratory tract samples, is presently the gold standard for COVID-19
diagnosis [13,14]. Nonetheless, RT-qPCR requires competent workers, expensive equipment
(thermal cycler with fluorimetry) and laboratory facilities (biosafety level 3, BSL-3) for
RNA extraction. This could be a challenge in resource-constrained communities, such as
those lacking basic laboratory facilities. Furthermore, RT-qPCR is time-consuming, with a
sample-to-result turnaround time of up to 4 h, and it may not be acceptable to use in an
emergency [15]. Rapid point-of-care tests (POCTs) that are less expensive and transportable
in the field are needed to improve the surveillance of SARS-CoV-2 and control the outbreak.

The scientific community has achieved extraordinary progress in response to the
limitations of RT-qPCR, resulting in the development of rapid diagnostic tools for im-
proving SARS-CoV-2 surveillance. Rapid antigen tests (RATs) offer results more rapidly
(approximately 15–30 min), are easy to perform and do not require highly trained staff
and specialized laboratory equipment. Rapid SARS-CoV-2 antigen detection reduces the
turnaround time for obtaining the results, allowing the immediate isolation of the infected
individuals. As a result, the utilization of SARS-CoV-2 antigen detection will be beneficial
for reducing the transmission rate.

In order to control infection sources, highly effective, rapid and low-cost diagnostic
screening of a vulnerable population is required. This diagnostic capability also assists
policymakers in assessing when and to what extent restrictions should be relaxed to help
the economy recover. While numerous studies have presented antigen-based assays for
SARS-CoV-2 surveillance, it is critical to analyse and make conclusions regarding the
performance of these assays and the quality of these studies in a systematic manner.
Previously, two systematic reviews have evaluated the pooled sensitivity and specificity
of RATs for SARS-CoV-2 detection [16,17]. However, these reviews included only studies
published up to 13 January and 30 April 2021, respectively. Since more diagnostic studies
involving evaluation of the performance of RATs for SARS-CoV-2 have been published
recently, it is important to update the available evidence so that more comprehensive
findings can be obtained. These findings will help clinicians make better decisions about
how to use antigen detection with the highest diagnostic specificity and sensitivity for
contact monitoring. As a result, the aim of this systematic review was to update the
diagnostic performance of rapid antigen tests for SARS-CoV-2.
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2. Materials and Methods

This study followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [18]. The protocol of this systematic review and meta-
analysis was registered in the PROSPERO database (CRD42021278105).

2.1. Eligibility Criteria

This systematic review and meta-analysis included (1) only peer-reviewed original
articles on antigen-based detection for SARS-CoV-2 or COVID-19; (2) the reference standard
for detection assays must be RT-qPCR; (3) full text is accessible (in English only); and
(4) offer adequate data to calculate the number of false positives, true positives, true
negatives and false negatives on antigen detection in comparison to a standard reference
test. Antibody tests, nucleic acid tests, review papers, and studies that did not involve
clinical samples were all excluded from the study.

2.2. Search Strategy

The peer reviewed articles were searched on 26 August 2021 without restricting the
publication date. The articles were searched through PubMed, Embase and Cochrane
COVID-19 Study Register by using several keywords with the following search string:
[COVID-19 OR SARS-CoV-2] AND [antigen] AND [specificity OR sensitivity]. The titles,
abstracts and full text of relevant studies were screened manually by five researchers
(M.F.K., A.J.N.J., M.F.S., M.A.N. and K.S.).

2.3. Data Analysis

Three authors (M.F.K., A.J.N.J. and M.F.S.) individually extracted the number of true
positives (TP), true negatives (TN), false positives (FP) and false negatives (FN) from each
study and entered them into an Excel datasheet. Disagreeable findings were discussed, and
when in doubt, the authors sought verification. The sensitivity and specificity for each of the
studied antigen were calculated using RT-qPCR as the reference standard. The number of
true positive outcomes was divided by the sum of true positive and false negative outcomes
to calculate the sensitivity (1). The number of true negative outcomes was divided by the
sum of true negative and false positive outcomes to calculate the specificity (2). Forest plots
were used to demonstrate the comparative performance of the rapid antigen tests:

Sensitivity =
TP

TP + FN
(1)

Speci f icity =
TN

TN + FP
(2)

2.4. Quality Assessment

The quality of each study was assessed using Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool [19]. Patient selection, index test, reference standard
and flow and timing are the four core domains of the QUADAS-2 tool Table 1). The risk of
bias was classified as low, high or unclear for each domain. Five authors (M.F.K., A.J.N.J.,
M.F.S., M.A.N. and K.S.) independently performed the assessment to judge the quality of
each study. Disagreements among the authors were resolved by discussion.
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Table 1. QUADAS-2 risk of bias assessment criteria.

Domains Criteria for Low Risk Assessment

Patient selection Patient enrolment strategy is specified and free of bias. A
case–control design and inappropriate exclusions are avoided.

Index test
The index test results are interpreted without knowledge of the
results of the reference standard. The conduct or interpretation

of the index test does not introduce bias.

Reference standard

The reference standard correctly classifies the target condition.
The reference standard results are interpreted without

knowledge of the results of the index test. The reference
standard, its conduct or its interpretation do not introduce bias.

Flow and timing

There is an appropriate interval between the index test(s) and
reference standard. All patients receive the same reference

standard. All patients included in the analysis and patient flow
do not introduce bias.

3. Results
3.1. Search Results

A total of 1732 articles were identified through databases and register searching
(Figure 1). Of these, 271 duplicates were identified and removed using data tool in Excel.
After screening the titles, 961 articles that were not primary research articles and unrelated
to antigen-based detection for COVID-19 were excluded. Of the 500 abstracts screened,
369 articles that did not meet the basis of selection criteria were excluded. After screening
the full text articles, 37 articles were excluded. The remaining 94 studies that fulfilled our
selection criteria were included in this systematic review.
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3.2. Characteristics of the Included Studies

The characteristics of the 94 studies reporting the performance of rapid antigen tests
(RATs) for SARS-CoV-2 were summarized in Table 2. Most of the studies (n = 84) were
published in 2021, and the remaining studies were published in 2020. The majority of
the studies employed clinical samples from European countries which include Germany
(n = 14), Spain (n = 11), Italy (n = 10), the Netherlands (n = 7), France (n = 6), Belgium
(n = 5) and Switzerland (n = 3). In Asia, most studies were conducted in Japan (n = 7),
followed by China (n = 3) and India (n = 2). The United States (n = 8) and Chile (n = 3)
were among the American countries reported the performance of RAT for SARS-CoV-2.
A total of 25 studies used Panbio™ COVID-19 Ag RDT (Abbott, Jena, Germany), 11 used
STANDARD Q COVID-19 Ag Home Test (SD Biosensor, Seoul, South Korea), 10 used SARS-
CoV-2 Rapid Ag Test (Roche, Basel, Switzerland) and 9 used Lumipulse G SARS-CoV-2 Ag
(Fujirebio, Tokyo, Japan). Most of the studies (n = 71) used nasopharyngeal swabs, 12 used
pools of nasopharyngeal and throat swabs, 4 used nasal swabs, 3 used saliva, 2 used throat
swabs, 1 study used a pool of nasopharyngeal and nasal swabs and 1 study compared the
performance of nasopharyngeal swabs, saliva and sputum.

Table 2. Characteristics of included studies.

Tests Investigate Target Sample Sample
Size Sensitivity Specificity Location References

1 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS and TS 454 98.33% 98.73% Thailand [20]

2 Biocredit Covid-19 Ag Detection Kit (RapiGEN,
Gyeonggi-do, Korea) N NPS and TS 35 34.30% NR Hong Kong [21]

SP 45 11.10% NR

S 45 40.00% NR

3 COVID-19 Ag Respi-Strip (Coris
BioConcept, Gembloux, Belgium) N NPS 148 30.20% 100% Belgium [22]

4 Espline SARS-CoV-2 (Fujirebio, Tokyo, Japan) N S 103 11.70% NR Japan [23]

5 Sofia SARS Ag FIA (Quidel, San Diego, USA) N NPS and TS 127 93.90% 100% Chile [24]

6 SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 150 70.70% 96.00% Germany [25]

7 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 412 79.60% 100% Spain [26]

8 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 634 48.10% 100% Spain [27]

9 Sofia SARS Ag FIA (Quidel, San Diego, USA) N NPS
(asymptomatic) 871 41.20% 98.40% United

States [28]

NPS (symptomatic) 227 80.00% 98.90%

10 In house N NPS 251 75.60% 100% China [29]

11 COVID-19 Ag Respi-Strip (Coris
BioConcept, Gembloux, Belgium) N NPS 138 50.00% 100% France [30]

12 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 255 73.30% NR Spain [31]

13 STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS and TS 741 45.40% 97.80% Germany [32]

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS and TS 831 50.30% 97.70%

14 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 548 91.70% 98.50% Japan [33]

15 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 262 70.00% 92.00% Uganda [34]

16 S-PLEX SARS-CoV-2 N Kit (MesoScale Diagnostics,
Maryland, USA) N NPS 226 82.00% 99.00% United

States [35]

17 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 1620 45.40% 99.80% Spain [36]

18 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 274 75.70% 96.00% Japan [37]
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Table 2. Cont.

Tests Investigate Target Sample Sample
Size Sensitivity Specificity Location References

19 Aegle Coronavirus Ag RTC (Bio-Rad, California,
United States) N NPS 199 59.30% 100% Belgium [38]

GSD NovaGen SARS-CoV-2 (Eurofins Technologies,
Budapest, Hungary) N NPS 199 60.00% 85.70%

Aegle Coronavirus Ag RTC (Bio-Rad, California,
United States) N NPS 199 61.10% 100%

20 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 1223 37.84% 100% Slovakia [39]

21 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS and TS 2032 42.86% 99.89% Germany [40]

22 CerTest SARS-CoV-2 Ag (Certest Biotec,
Zaragoza, Spain) N NPS 320 53.50% 100% Spain [41]

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 320 60.00% 100%

23 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS and TS 4266 86.60% 97.30% Italy [42]

24 CoviNAg ELISA Kit (XEMA, Moscow, Russia) N NPS 277 90.10% 75.80% Russia [43]

25 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 226 92.60% 90.80% Italy [44]

Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 1738 100% 94.80%

26 Innova Rapid SARS-CoV-2 Ag Test (Xiamen Biotime
Biotechnology, Fujian, China) N NPS and TS 200 89.00% 99.00% United

Kingdom [45]

Spring Healthcare SARS-CoV-2 Ag RTC (Shanghai
ZJ Bio-Tech, Shanghai, China) N NPS 200 77.00% 98.00%

E25Bio Rapid Diagnostic Test (E25Bio,
Cambridge, USA) N NPS 200 75.00% 86.00%

Encode SARS-CoV-2 Ag Rapid Test Encode
SARS-CoV-2 Ag Rapid Test Device (Zhuhai Encode

Medical Engineering, Zhuhai, China)
N NS and TS 200 74.00% 100%

SureScreen COVID-19 Rapid Ag Test (SureScreen
Diagnostics, Derby, UK) N NPS 200 69.00% 98.00%

27 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 529 84.80% 97.90% Japan [46]

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 637 70.00% 100%

28 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N S 305 77.80% 99.60% Japan [47]

29 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 402 81.00% 99.10% Switzerland [48]

30 LIAISON SARS-CoV-2 Ag (DiaSorin, Saluggia, Italy) N NPS 196 40.20% 100% Germany [49]

31 Biosynex COVID-19 Ag BSS Test (Biosynex,
Strasbourg, France) N NPS 97 89.70% 46.20% Belgium [50]

SARS-CoV-2 Ag Card (Biotical Health,
Madrid, Spain) N NPS 98 67.20% 100%

Aegle Coronavirus Ag RTC (Bio-Rad, California,
United States) N NPS 98 82.80% 92.50%

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 97 78.90% 100%

STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 98 82.80% 100%

32 QuickNaviTM COVID19 Ag (Otsuka, Japan) N NS 862 72.50% 100% Japan [51]

33 COVID-19 Ag Detection Kit (Colloidal Gold-CG) N NPS 358 89.47% 99.59% Slovenia [52]

34 LIAISON SARS-CoV-2 Ag (DiaSorin, Saluggia, Italy) N NPS 182 70.00% 100% Germany [53]

35 AMP Rapid Test SARS-CoV-2 Ag (AMP Diagnostics,
Graz, Austria) N NPS 392 69.15% 99.66% Austria [54]

36 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 1108 86.80% 99.90% Germany [55]

37 Sienna-Clarity COVID-19 Ag RTC (Salofa Oy,
Salo, Finland) N NPS 150 90.00% 100% France [56]
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Table 2. Cont.

Tests Investigate Target Sample Sample
Size Sensitivity Specificity Location References

38 COVID-19 Ag Respi-Strip (Coris
BioConcept, Gembloux, Belgium) N NPS 50 30.70% 100% Italy [57]

39 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 433 86.70% 100% The Nether-

lands [58]

40 SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 321 73.15% 100% Italy [59]

41 SARS-CoV-2 Ag Test (LumiraDx GmbH,
Cologne, Germany) N NPS and NS 907 90.30% 92.10% Italy [60]

42 STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 842 69.86% 99.61% Chile [61]

43 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 369 75.90% 100% Mexico [62]

44 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N TS 402 81.00% 99.00% United

States [48]

45 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 120 58.10% 100% Serbia [63]

46 COVID-19 Ag Respi-Strip (Coris
BioConcept, Gembloux, Belgium) N NPS 484 71.96% 99.32% India [64]

47 COVID-VIRO (AAZ-LMB
Boulogne-Billancourt, France) N NPS 248 96.70% 100% France [65]

48 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 1362 71.40% 99.80% Spain [66]

49 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 356 60.00% 100% Spain [67]

STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 356 66.50% 97.30%

50 Veritor SARS-CoV-2
(BectonDickinson, New Jersey, USA) N TS 351 94.12% 100% The Nether-

lands [68]

51 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N S 127 52.40% 94.10% Italy [69]

52 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 535 85.50% 100% United

States [70]

STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 529 89.00% 100%

53 Dräger Ag Test SARS-CoV-2 (Dräger,
Lübeck, Germany) N NS 379 88.60% 99.70% Germany [71]

54 MEDsan SARS-Cov-2 Ag (MEDsan GmbH,
Hamburg, Germany) N NPS 806 36.51% 99.61% Germany [72]

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 1029 46.67% 99.62%

NADAL COVID-19 Ag (Nal Von Minden GmbH,
Moers, Germany) N NPS 3221 56.62% 100%

55 Sofia SARS Ag FIA (Quidel, San Diego, USA) N NPS 188 80.00% 100% Finland [73]

STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 198 81.00% 100%

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 190 83.00% 100%

56 CerTest SARS-CoV-2 Ag (Certest Biotec,
Zaragoza, Spain) N NPS 80 55.00% 97.50% The Nether-

lands [74]

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 80 62.50% 87.50%

Romed SARS-CoV-2 Ag RTC (Oostveen Medical BV
Van, Wilnis, The Netherlands) N NPS 80 80.00% 100%

Veritor SARS-CoV-2
(BectonDickinson, New Jersey, USA) N NPS 40 77.50% NR

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 40 70.00% NR

57 LIAISON SARS-CoV-2 Ag (DiaSorin, Saluggia, Italy) N NPS 414 67.70% 100% Belgium [75]

58 SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS and TS 970 84.90% 99.50% The Nether-

lands [76]
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Table 2. Cont.

Tests Investigate Target Sample Sample
Size Sensitivity Specificity Location References

59 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 744 82.35% 100% Greece [77]

60 QuickNaviTM COVID19 Ag (Otsuka, Japan) N NPS 1934 80.30% 100% Japan [78]

61 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 692 63.50% 100% France [79]

62 BinaxNOW™ COVID-19 Ag Self-Test (Abbott,
Jena, Germany) N NPS 2308 66.70% 95.20% United

States [80]

63 BinaxNOW™ COVID-19 Ag Self-Test (Abbott,
Jena, Germany) N NPS 878 93.30% 99.90% United

States [81]

64 SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 1465 65.30% 99.90% Switzerland [82]

65 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS and TS 105 NR 99·30% Germany [83]

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 115 NR 98.50%

66 STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 354 38.00% 99.00% India [84]

67 Elecsys® SARS-CoV-2 Ag (Roche,
Basel, Switzerland)

N NPS and TS 3139 60.20% 99.90% Germany [85]

68 LIAISON SARS-CoV-2 Ag (DiaSorin, Saluggia, Italy) N NPS 378 84.80% 99.40% France [86]

69 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 357 70.50% 100% Spain [87]

70 Biosynex COVID-19 Ag BSS Test (Biosynex,
Strasbourg, France) N NPS 308 87.90% 98.50% China [88]

71 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 410 91.70% 97.30% Germany [89]

LIAISON SARS-CoV-2 Ag (DiaSorin, Saluggia, Italy) N NPS 408 99.10% 98.70%

Elecsys® SARS-CoV-2 Ag (Roche,
Basel, Switzerland)

N NPS 410 65.50% 99.80%

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 410 93.60% 100%

72 SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS and TS 2288 71.43% 99.68% Spain [90]

73 SARS-CoV-2 Ag Test (LumiraDx GmbH,
Cologne, Germany) N NPS 761 82.20% 99.30% Germany [91]

74 Lumipulse G SARS-CoV-2 Ag (Fujirebio,
Tokyo, Japan) N NPS 201 87.90% 95.80% Italy [92]

STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 93 35.70% 100%

75 Sofia SARS Ag FIA (Quidel, San Diego, USA) N NPS 2887 76.60% 99.70% United
States [93]

76 Elecsys® SARS-CoV-2 Ag (Roche,
Basel, Switzerland)

N NPS 403 26.00% 100% Italy [94]

77 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 1577 76.80% 100% The Nether-

lands [95]

78 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 448 85.00% 100% Spain [96]

79 SARS-CoV-2 Ag Card (Biotical Health,
Madrid, Spain) N NPS 188 66.70% 98.90% Belgium [97]

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 188 67.70% 100%

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS 188 69.80% 100%

VITROS SARS-CoV-2 Ag (Ortho, New Jersey, USA) N NPS 188 83.30% 100%

80 COVID-VIRO (AAZ-LMB
Boulogne-Billancourt, France) N NPS 234 96.88% 100% France [98]

81 Sofia SARS Ag FIA (Quidel, San Diego, USA) N NPS 64 93.80% 96.90% Chile [99]

STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 64 90.60% 96.90%

82 NADAL COVID-19 Ag (Nal Von Minden GmbH,
Moers, Germany) N NPS 124 73.10% 100% Germany [100]
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Table 2. Cont.

Tests Investigate Target Sample Sample
Size Sensitivity Specificity Location References

83 STANDARD F COVID-19 Ag FIA (SD Biosensor,
Seoul, South Korea) N NPS 2898 54.95% 97.80% Italy [101]

84 VITROS SARS-CoV-2 Ag (Ortho, New Jersey, USA) N NPS 24 84.20% 100% China [102]

85 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 146 82.50% 100% Germany [103]

86 Veritor SARS-CoV-2
(BectonDickinson, New Jersey, USA) N NPS 248 73.00% 100% The Nether-

lands [104]

87 BinaxNOW™ COVID-19 Ag Self-Test (Abbott,
Jena, Germany) N NS 3302 100% 98.60% Brazil [105]

88 SARS-CoV-2 Ag Test (LumiraDx GmbH,
Cologne, Germany) N NPS 792 95.20% 79.20% Italy [106]

89 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS 532 41.20% 99.70% Switzerland [107]

Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 532 41.20% 99.50%

Veritor SARS-CoV-2
(BectonDickinson, New Jersey, USA) N NPS 532 41.20% 99.70%

90 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 2413 NR 99.96% Australia [108]

91 STANDARD Q COVID-19 Ag Home Test (SD
Biosensor, Seoul, South Korea) N NPS and TS 83 78.20% 64.20% Egypt [109]

92 Veritor SARS-CoV-2
(BectonDickinson, New Jersey, USA) N NPS and TS 2678 63.90% 99.60% The Nether-

lands [110]

SARS-CoV-2 Rapid Ag Test (Roche,
Basel, Switzerland) N NPS and TS 1370 62.90% 99.50%

93 Panbio™ COVID-19 Ag RDT (Abbott,
Jena, Germany) N NPS 958 90.50% 98.80% Spain [111]

94 BinaxNOW™ COVID-19 Ag Self-Test (Abbott,
Jena, Germany) N NS 2110 77.2% 99.6% United

States [112]

N = nucleocapsid protein; NPS = Nasopharyngeal swab; S = Saliva; NS = Nasal swab; TS = Throat swab;
NR = Not reported; NPA = Nasopharyngeal aspirate; SP = Sputum; Ag = antigen; RDT = rapid diagnostic test.

3.3. Quality of Articles

The QUADAS checklist was completed for all included studies (Supplementary Ma-
terial Table S1). The QUADAS-2 criteria for 94 studies included in this systematic review
were presented in Figure 2. Majority of the included studies (83%) have low risk of patient
selection bias. Twelve (13%) studies have high risk of patient selection bias due to the
case–control study design. These studies specifically recruited clinical samples known to
be uninfected or infected with coronavirus. The remaining studies (4%) have unclear risk
of patient selection bias. These studies were not case–control but provided insufficient
details about the inclusion and exclusion criteria. About 68% (64 out of 94 studies) have
unclear risk of index bias due to unclear information on whether the index test results were
interpreted with knowledge of reference test results. The remaining studies (32%) have
low risk of index bias as the reference tests ware blinded from each other and results were
recorded independently by two readers.

With regards to the reference standard risk of bias, almost all the studies (87%) have
low risk of bias, as these studies used similar RT-PCR as the reference standard and the
reference tests results were interpreted without knowledge of index test results. Eleven
studies (12%) have unclear risk of reference standard bias due to these studies did not
provide enough information about whether reference standard results were interpreted
without knowledge of the results of the index test. Only 1% of the studies has high risk
of reference standard bias because the reference standard results were interpreted with
knowledge of the results of the index test. Most of studies (87%) have low risk of flow
and timing bias. Seven studies (8%) have unclear risk of flow and timing bias due to no
information on whether the samples for a reference test and the index test were taken at
the same time. Only five studies (5%) have high risk of flow and timing bias. One of the
five studies has high risk of flow and timing bias because samples were collected from the
same patients at multiple time points. Another three studies have high risk of flow and
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timing bias due to the use of different samples for index and reference test and one more
due to use of different standard references.
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Figure 2. QUADAS-2 criteria for 94 studies included in this systematic review.

3.4. Meta-Analysis of the Sensitivity and Specificity of Rapid Antigen Tests

A total of 74,445 samples tested using 30 different rapid antigen tests (RATs) and
confirmed with RT-PCR as reference test were included in the meta-analysis. The sensitivity
and specificity of the RATs ranged from 37% to 90% and 65% to 100%, respectively (Figure 3).
Of the 30 RATs analyzed, 52% (n = 16) reported at least 70% sensitivity. CoviNAg ELISA
Kit (XEMA, Moscow, Russia) and Sienna-Clarity COVID-19 Ag RTC (Salofa Oy, Salo,
Finland) showed highest sensitivity of 90% while MEDsan SARS-Cov-2 Ag (MEDsan
GmbH, Hamburg, Germany) showed lowest sensitivity of 37%. Nonetheless, when those
kits tested using small number of samples were excluded from analysis, SARS-CoV-2 Ag
Test (LumiraDx GmbH, Cologne, Germany) showed the highest sensitivity of 86% followed
by Lumipulse G SARS-CoV-2 Ag (Fujirebio, Tokyo, Japan) and BinaxNOW™ COVID-19
Ag Self-Test (Abbott, Jena, Germany) with sensitivity of 83% and 79%, respectively.

Meanwhile, for specificity, almost all RATs reported over 90% specificity with only
four (13%) showed specificity below 90%. These include CoviNAg ELISA Kit (XEMA,
Moscow, Russia), E25Bio Rapid Diagnostic Test (E25Bio, Cambridge, USA), GSD NovaGen
SARS-CoV-2 (Eurofins Technologies, Budapest, Hungary) and Aegle Coronavirus Ag RTC
(Bio-Rad, California, United States). Panbio™ COVID-19 Ag RDT (Abbott, Jena, Germany)
was observed to be the most studied kit for SARS-CoV-2 detection with 16,207 samples
were included from 25 different studies. The pooled sensitivity and specificity of Panbio™
COVID-19 Ag RDT was 75.9% and 99.6%.

3.5. Performance of the Rapid Antigen Tests Based on Subgroup Analyses

The overall pooled sensitivity and specificity of RATs were 70% (95% CI: 69–71) and
98% (95% CI: 98–98), respectively (Table 3). For subgroup analysis of the RATs based on
specimens, a total of 65 studies were included after excluding studies utilizing combination
of nasopharyngeal and throat swabs. Nasal swabs showed the highest sensitivity of 83%
(95% CI: 80–86), whereas nasopharyngeal swabs showed a sensitivity of 71% (95% CI:
70–72), throat swabs 69% (95% CI: 63–75) and saliva 68% (95% CI: 59–77). Comparably high
specificities were observed among all four specimens, ranging from 97% to 99%.
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Table 3. Summary of subgroups analysis of the sensitivity and specificity of rapid antigen tests for
SARS-CoV-2.

Subgroups Number
of Studies

Total Number
of Patients

Sensitivity
[95% CI]

Specificity
[95% CI]

All studies 94 74445 0.70 [0.69–0.71] 0.98 [0.98–0.98]
Specimens

Nasopharyngeal swabs 58 38548 0.71 [0.70–0.72] 0.98 [0.98–0.99]
Nasal swabs 4 4258 0.83 [0.80–0.86] 0.98 [0.98–0.99]
Throat swabs 2 3623 0.69 [0.63–0.75] 0.99 [0.99–1.00]

Saliva 2 432 0.68 [0.59–0.77] 0.97 [0.95–0.99]
Symptoms

Symptomatic 30 24726 0.82 [0.82–0.82] 0.98 [0.98–0.98]
Asymptomatic 14 14926 0.68 [0.65–0.71] 0.99 [0.99–0.99]

Ct values
Ct value ≤25 13 5378 0.96 [0.95–0.97] 0.99 [0.98–0.99]
Ct value >25 12 6139 0.69 [0.67–0.71] 0.97 [0.96–0.97]

Countries
Germany 14 14179 0.58 [0.56–0.60] 0.98 [0.98–0.98]

Spain 11 9391 0.71 [0.68–0.73] 0.99 [0.99–1.00]
Italy 10 11752 0.81 [0.79–0.83] 0.96 [0.96–0.97]

United States 8 10605 0.77 [0.75–0.79] 0.97 [0.97–0.97]
Japan 7 5192 0.72 [0.70–0.75] 0.99 [0.99–1.00]

Netherlands 7 8073 0.72 [0.70–0.75] 1.00 [0.99–1.00]
France 6 1858 0.58 [0.54–0.62] 1.00 [0.99–1.00]

Belgium 5 1634 0.73 [0.70–0.76] 0.84 [0.81–0.86]
Switzerland 3 2399 0.65 [0.61–0.70] 1.00 [1.00–1.00]

Chile 3 906 0.77 [0.69–0.85] 1.00 [0.99–1.00]
China 3 332 0.87 [0.77–0.97] 0.99 [0.97–1.00]
India 2 838 0.58 [0.52–0.63] 0.99 [0.98–1.00]
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Subgroup analysis based on the presence of symptoms showed RATs gives higher
sensitivity (82%) among symptomatic as compared with asymptomatic (68%). The speci-
ficity of RATs was similar in both symptomatic and asymptomatic patients (98%). Cycle
threshold (Ct) values are inversely correlated with the viral load in a specimen. Among
those patients with higher viral load (Ct value ≤25), the RATs showed sensitivity and
specificity of 96% and 99%, respectively. Meanwhile, the sensitivity of RATs dropped to
69% when used on patients with low viral load (Ct value >25). A subgroup analysis of
the RATs based on countries showed sensitivity and specificity ranging from 58% to 87%
and 96% to 100%, respectively. The sensitivity was observed to be highest in China (87%)
followed by Italy (81%), Chile (77%), the United States (77%), Belgium (73%), Japan and the
Netherlands (72%) and Spain (71%). On the other hand, the sensitivity was observed to
be lower than average (70%) in Germany, France and India with all showed sensitivity of
58%. In regard to specificity, comparably high specificities, ranging from 96% to 100% were
observed in all countries, except in Belgium (84%).

After excluding the case–control studies, the overall pooled sensitivity and speci-
ficity of RATs were 72% (95% CI: 71–73) and 98% (95% CI: 98–98), respectively (Table 4).
Meanwhile, the diagnostic performance of different specimens showed similar result to the
subgroups analysis without excluding case–control studies. For analysis based on symp-
toms, the RATs performance after excluding case–control studies showed lower sensitivity
of 80% (95% CI: 78–81) and higher specificity of 99% (95% CI: 99–99). Similarly, the RATs
performance showed lower sensitivity and higher specificity when tested for samples from
those patients with Ct value >25. The performance of RATs for asymptomatic and patients
with Ct value ≤25 remain similar.

Table 4. Summary of subgroups analysis excluding case–control studies.

Subgroups Number
of Studies

Total Number
of Patients

Sensitivity
[95% CI]

Specificity
[95% CI]

All studies 78 47415 0.72 [0.71–0.73] 0.98 [0.98–0.98]
Specimens

Nasopharyngeal swabs 49 37646 0.71 [0.70–0.72] 0.98 [0.97–0.99]
Nasal swabs 3 3879 0.83 [0.80–0.85] 0.98 [0.98–0.99]
Throat swabs 2 3623 0.69 [0.63–0.75] 0.99 [0.99–1.00]

Saliva 2 432 0.68 [0.59–0.77] 0.97 [0.95–0.99]
Symptoms

Symptomatic 24 21029 0.80 [0.78–0.81] 0.99 [0.99–0.99]
Asymptomatic 14 14926 0.68 [0.65–0.71] 0.99 [0.99–0.99]

Ct values
Ct value ≤25 13 5378 0.96 [0.95–0.97] 0.99 [0.98–0.99]
Ct value >25 10 5693 0.69 [0.67–0.71] 0.97 [0.96–0.97]

Further analysis, which includes comparative performance of studies that blinded the
index test and studies that did not blind the index test were performed (Table 5). Studies
where the index text was blinded to the results of the reference standard had a sensitivity
and specificity of 72% and 97%, respectively. Meanwhile, studies where the index test was
not blinded to the results of the reference standard has a sensitivity and specificity of 72%
and 97%, respectively.

Table 5. Comparative performance of studies that blinded the index test and studies that did not
blind the index test.

Subgroups Number of
Studies

Total Number of
Patients

Sensitivity
[95% CI]

Specificity
[95% CI]

Studies (blinded the
index test) 30 24,470 0.72 [0.71–0.73] 0.97 [0.97–0.98]

Studies (did not blind
the index test) 64 49,975 0.69 [0.68–0.70] 0.99 [0.99–0.99]
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4. Discussion

Recently, there have been two systematic reviews on the performance of RATs for
SARS-CoV-2 detection [16,17]. These reviews only included studies up to 13 January and 30
April 2021. Our review provided more comprehensive analysis on the performance of RATs
until 26 August, following the inclusion of 94 studies. Nonetheless, most of the studies still
from European countries such as Germany, Spain, Italy, the Netherlands, France, Belgium
and Switzerland. Lack of studies from West and Southeast Asian countries, South America
and Africa, highlighting the current gap pertaining to understanding the RATs performance
in such geographical areas. A similar observation was reported by the previous study, in
which, most of the included studies were from Germany, Spain and Italy [17]. The plausible
reason may be attributed to the fact that most kits are manufactured in European countries;
thus, such test kits were easier to obtain in those countries as compared to others where
supply shortages are commonly reported. The second reason is that these countries were
badly affected by COVID-19 in the beginning of the outbreak. Therefore, the COVID-19
RAT is becoming popular across European countries as governments’ efforts to slow the
spreading of the virus by tracking infected individuals.

Panbio™ COVID-19 Ag RDT (Abbott, Jena, Germany) and STANDARD Q COVID-19
Ag Home Test (SD Biosensor, Seoul, South Korea) were used in the majority of studies
(25 and 11 studies, respectively) followed by SARS-CoV-2 Rapid Ag Test (Roche, Basel,
Switzerland) and Lumipulse G SARS-CoV-2 Ag (Fujirebio, Tokyo, Japan). This could be
due to the fact that Panbio™ COVID-19 Ag RDT (Abbott, Jena, Germany) and STANDARD
Q COVID-19 Ag Home Test (SD Biosensor, Seoul, South Korea) are two RAD kits that are
currently included under the ‘WHO Emergency Use Listing for In vitro diagnostics (IVDs)
Detecting SARS-CoV-2′ [113]. There is still a lack of evaluation for newly developed test
kits such as CoviNAg ELISA Kit (XEMA, Moscow, Russia) and Sienna-Clarity COVID-
19 Ag RTC (Salofa Oy, Salo, Finland). Therefore, future diagnostic evaluation studies
should include the newly developed test kits so that more data can be obtained for future
comparative analyses.

Immunochromatography, which involves spotting antibodies onto nitrocellulose mem-
branes that interact with specific antigens in patient samples is the basis of RATs. The
antigen–antibody interaction can be visualised manually or by using an immunofluores-
cence machine reader. The genome of SARS-CoV-2 comprises genes the responsible for
four structural proteins such the spike (S), envelope (E), membrane (M) and nucleocapsid
(N) [114]. N protein is frequently employed as a target analyte in RATs for COVID-19
diagnosis, as shown in Table 2. N-protein is mostly expressed during the early stages of
SARS-CoV-2 infection and has the least amount of variation in its gene sequence, indicating
that it is a stable protein [115].

Most studies used nasopharyngeal swabs as specimens examined for evaluating the
performance of the test kits. Only a few studies used nasal swabs, saliva and throat
swabs. This observation signaling the need for more studies using such specimens so
that alternative sampling approaches for the rapid detection of SARS-CoV-2 could be
identified. Subgroup analysis of the test kits based on specimens showed nasal swabs gave
the highest sensitivity of 83% (95% CI: 80–86) followed by nasopharyngeal swabs 71% (95%
CI: 70–72), throat swabs 69% (95% CI: 63–75) and saliva 68% (95% CI: 59–77). Interestingly,
nasopharyngeal swabs are currently considered as the gold standard specimen for SARS-
CoV-2 laboratory diagnosis. This finding may suggest that nasal swab could replace
nasopharyngeal swabs as the gold standard specimen. However, it is important to note
that the average sensitivity of the nasal swabs was calculated only based on 2148 samples
as compared to 38548 samples for nasopharyngeal swabs. Thus, evaluation using more
samples are still needed to provide a comprehensive conclusion regarding the nasal swabs’
performance. Lower sensitivity for throat swabs was in agreement with a recent study on
the performances of the different sampling approaches for SARS-CoV-2, which reported
lower sensitivity by throat swabs (68%) as compared to nasal swabs and saliva [116].
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The meta-analysis shows that the sensitivity and specificity of the 30 RATs ranged
from 37% to 90% and 65% to 100%, respectively, whereas the overall pooled sensitivity and
specificity of RATs were 70% (95% CI: 69–71) and 98% (95% CI: 98–98), respectively. Based
on sample size, the SARS-CoV-2 Ag Test (LumiraDx GmbH, Cologne, Germany) showed the
highest sensitivity of 86% followed by the Lumipulse G SARS-CoV-2 Ag (Fujirebio, Tokyo,
Japan) and BinaxNOW™ COVID-19 Ag Self-Test (Abbott, Jena, Germany) with sensitivities
of 83% and 79%, respectively. Furthermore, most of the studies showed a high level of
specificity (greater than 90%). The WHO recommended that the minimum performance
requirements of RATs must be≥ 80% sensitivity and≥97% specificity. The studies included
in this review have showed a wide range of sensitivity and specificity. The different results
could be related to various study methods, RAT kits manufacturers, patient selection, types
of specimens and the stage of disease at the time of sample collection. Based on the meta-
analysis, the RAT kits that meet WHO criteria are Sienna-Clarity COVID-19 Ag RTC (Salofa
Oy, Salo, Finland), Biosynex COVID-19 Ag BSS Test (Biosynex, Strasbourg, France), Innova
Rapid SARS-CoV-2 Ag Test (Xiamen Biotime Biotechnology, Fujian, China), Dräger Ag Test
SARS-CoV-2 (Dräger, Lübeck, Germany), SARS-CoV-2 Ag Test (LumiraDx GmbH, Cologne,
Germany), Lumipulse G SARS-CoV-2 Ag (Fujirebio, Tokyo, Japan), S-PLEX SARS-CoV-2 N
Kit (MesoScale Diagnostics, Maryland, USA) and BinaxNOW™ COVID-19 Ag Self-Test
(Abbott, Jena, Germany).

Subgroup analysis of the RATs based on countries showed sensitivity and specificity
ranging from 58% to 87% and 96% to 100%, respectively. The sensitivity was observed to
be highest in China (87%) followed by Italy (81%), Chile (77%), the United States (77%),
Belgium (73%), Japan and the Netherlands (72%) and Spain (71%). On the other hand, the
sensitivity was observed to be lower than average (70%) in Germany, France and India
with all showing a sensitivity of 58%. The previous systematic review reported that the
sensitivity of RATs in the population of Europe and America was higher as compared to that
of Asia and Africa [17]. Their finding was different with our finding. One plausible reason
is that the RATs evaluated previously were manufactured from Europe and America which
may affect the test performance in Asia and Africa after repeated freeze–thaw procedures
during transportation [117]. In regard to specificity, comparably high specificities, ranging
from 96% to 100%, were observed in all countries, except in Belgium (84%).

According to the WHO, RATs should be prioritized for use in symptomatic individuals
who meet the COVID-19 case definition, as well as to test asymptomatic individuals at
high risk of infection, particularly in settings where NAAT testing capacity is limited. Thus,
this review also analysed the sensitivity and specificity of RATs based on symptoms. RATs
showed similar specificity (98%) for symptomatic and asymptomatic patients. However,
the sensitivity of RATs for symptomatic patients was greater than asymptomatic patients
(82% vs. 68%). A similar finding was reported by the previous systematic reviews, in
which, the sensitivity of RATs is higher when used for symptomatic patients [16,17]. In
addition, there is a clear association between Ct values of RT-qPCR and RATs’ sensitivity
and specificity. The lower the Ct value (≤25), the greater the sensitivity and specificity of
RATs, whereas the higher the Ct value (<25), the lower the sensitivity and specificity of
RATs. Ct values, on the other hand, cannot be directly compared between tests and must
be interpreted with caution because they are impacted by sample type, sample collection
timing, and assay design [118].

The severity of the disease, the timing of sample collection, the types of samples,
and sample handling techniques all influence antigen levels in samples [20]. It is hard to
determine if the difference in observed sensitivity is due to the test’s performance or the
qualities of the samples utilized in the test without this information. Unfortunately, the
majority of the studies included in this review did not provide information on antigen
levels in the samples. Information about disease severity and sample collection timing
are often missing. Future research should include this information to enable for a more
accurate assessment of diagnosis test performance as well as the identification of their
actual limitations. Throughout this systematic review, our study identified the relevant
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peer-review articles published to reach the objective findings about the performances of the
antigen detection for diagnostic of COVID-19. This study followed the PRISMA guidelines
to reduce the risk of bias and meet the objective of the review. The use of several pre-
determined keywords and guidelines in this study during the screening process can assure
the reproducibility of this systematic review. The screening process that started from the
title screening followed by abstract and full text screening was documented properly to
avoid any risk of bias in the systematic review.

Based on the quality assessment of the QUADAS-2, most of the included studies
showed a low of bias. However, there were several studies that indicate high risk of bias
for the QUADAS-2 assessment. The high risk in the patient selection was due to the case–
control study design, while the unclear risk of the patient selection was due to insufficient
details about the patient inclusion and exclusion criteria. For the risk of the index test, most
of the included studies were unclear as the authors did not mention whether the index test
results were interpreted with knowledge of the reference test results. The high risk of the
reference standard bias was due to the results that were not interpreted with knowledge of
the result of the index test. For the risk of the flow and timing bias, high risk of the bias
due to the several reference standards or collected samples for the index and references
tests at separate time.

Nevertheless, our systematic review has three main limitations. First, this systematic
review revealed that there was considerable publication bias in the included studies as the
study on the performances of the antigen detection of the SARS-CoV-2 were still in the
early stages of development and almost all reported diagnostics performance assessments
were done and published by the same research group. We anticipated that such bias
will be reduced after these antigen performances were completely evaluated by various
and independent research teams. Second, the presence of the SARS-CoV-2 antigen in the
patients does not always indicate the presence of the viable virus, and we need to examine
whether SARS-CoV-2 antigen-positive patients are contagious to other people. Lastly, the
possibility of protein mutations in SARS-CoV-2 variants, including the newly revealed
Omicron, affecting the sensitivity and specificity of RATs is not reported in this review.

5. Conclusions

In conclusion, our systematic review and meta-analysis revealed the current perfor-
mance of RATs for SARS-CoV-2 detection. Overall diagnostic sensitivity and specificity
of these RATs were 70% and 98%, respectively. Quality assessment showed majority of
the studies have low risk of bias. However, several studies showed high risk of patient
selection bias due to case-control study design and high risk of flow and timing bias due
to the use of different samples for index and reference test and use of different standard
references. Regarding index test risk of bias, the majority did not mention whether or not
the authors performed double-blinded index test. Future study should attempt to perform
double-blinded index test as such improvement in study design would reduce index test
risk of bias. CoviNAg ELISA Kit (XEMA, Moscow, Russia) and Sienna-Clarity COVID-19
Ag RTC (Salofa Oy, Salo, Finland) had the highest diagnostic sensitivity among all RATs,
while MEDsan SARS-Cov-2 Ag (MEDsan GmbH, Hamburg, Germany) had the lowest
diagnostic sensitivity. More studies from the Middle East and Southeast Asian, South
American, and African countries are warranted so that a comprehensive subgroup analysis
based on regions can be performed. Nasal swabs showed the highest sensitivity followed
by nasopharyngeal swabs, throat swabs and saliva. The RATs showed higher sensitivity for
those patients with symptoms and Ct value ≤25. Comparative performance of the RATs
using less invasive sampling approaches is still lacking. Improvement in these key areas
would help to boost acceptability and accessibility for large practical of RATs for rapid
surveillance of SARS-CoV-2, allowing immediate isolation of the infected individuals and
reducing the disease’s transmission.
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