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Abstract. Background and aim Rapid antigen detection (RAD) tests on nasopharyngeal specimens have been 
recently made available for SARS-CoV-2 infections, and early studies suggested their potential utilization as 
rapid screening and diagnostic testing. The present systematic review and meta-analysis was aimed to assess 
available evidence and to explore the reliability of antigenic tests in the management of the SARS-CoV-2 
pandemic. Materials and Methods. We reported our meta-analysis according to the PRISMA statement. We 
searched Pubmed, Embase, and pre-print archive medRxiv.og for eligible studies published up to November 
5th, 2020. Raw data included true/false positive and negative tests, and the total number of tests. Sensitivity 
and specificity data were calculated for every study, and then pooled in a random-effects model. Heterogene-
ity was assessed using the I2 measure. Reporting bias was assessed by means of funnel plots and regression 
analysis. Results. Based on 25 studies, we computed a pooled sensitivity of 72.8% (95%CI 62.4–81.3), a speci-
ficity of 99.4% (95%CI 99.0–99.7), with high heterogeneity and risk of reporting bias. More precisely, RAD 
tests exhibited higher sensitivity on samples with high viral load (i.e. <25 Cycle Threshold; 97.6%; 95%CI 
94.1–99.0), compared to those with low viral load (≥25 Cycle Threshold; 43.6%; 95% 27.6-61.1). Discussion. 
As the majority of collected reports were either cohort or case-control studies, deprived of preventive power 
analysis and often oversampling positive tests, overall performances may have been overestimated. Therefore, 
the massive referral to antigenic tests in place of RT-qPCR is currently questionable, and also their deploy-
ment as mass screening test may lead to intolerable share of missing diagnoses. On the other hand, RAD tests 
may find a significant role in primary care and in front-line settings (e.g. Emergency Departments). (www.
actabiomedica.it)
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Introduction

The “Severe Acute Respiratory Syndrome corona-
virus type 2” (SARS-CoV-2) is an enveloped, single-
stranded, positive-sense RNA beta-coronavirus that 
was discovered in late December 2019. By November 
2020, it caused a global pandemic with over 53 million 
confirmed cases, and almost 1.2 million deaths world-
wide (https://covid19.who.int): the managing of the 
clinical syndrome elicited by SARS-CoV-2 infection 
(coronavirus disease 19 or COVID-19) has rapidly be-
come a main stressor for all healthcare systems around 
the world (1–3).

Timely and accurate SARS-CoV-2 laboratory 
testing is an essential step in the management of the 
pandemic [4–8]. To date, both the “European Centre 
for Disease Prevention and Control” (ECDC) and 
the “World Health Organization” (WHO) have rec-
ommended the use of an assay based on the reverse-
transcription polymerase chain reaction (RT-qPCR) 
in respiratory samples as gold standard for the COV-
ID-19 diagnosis (4,5,7,9,10). Unfortunately, RT-qP-
CR is usually based on specimens collected through 
the use of nasopharyngeal swabs, which is affected by 
several practical limitations. First at all, it is a relatively 
invasive sampling technique, that requires specialized 
operators, and may elicit cough and bleeding, with an 
increasing risk of healthcare workers infection (11). 
Moreover, RT-qPCR is a time- and reagent-consum-
ing procedure, needing specialized lab operators and 
certified laboratories; such requirements have limited 
the testing capacity of laboratories to provide results 
in a timely manner (10). Such limitations have elicited 
interest in alternative methodologies, including rapid 
antigen detection (RAD) tests. RAD tests, including 
immunochromatographic tests (ICT), chemilumines-
cence enzyme assays (CIA), and fluorescent immuno-
assays (FIA), detect viral antigen by the immobilized 
coated SARS-CoV-2 antibody on the device. By de-
sign, results of RAD tests are generally available with-
in 30 minutes, and can be usually interpreted without 
specialized instruments. Therefore, appropriate use 
of RAD tests can relieve the workload in diagnostic 
hospitals and laboratories, ultimately improving the 
turnaround time. However, according to WHO, RAD 
tests for SARS-CoV-2 detection still need to be evalu-

ated in the clinical practice, and they are not exten-
sively recommended for clinical diagnosis (12).

Despite several stakeholders are urging for their 
diffuse deployment, performance characteristics of 
rapid tests for SARS-CoV-2 remain largely uncertain 
(12,13). As some RAD have been licensed in both EU 
and USA for emergency use, early results are surfac-
ing (14), being sometimes conflicting, suggesting the 
need for an updated synthesis of the literature to bet-
ter inform health policies and guidelines. Reliance on 
modern diagnostic options made available by the sci-
entific research should be supported by a synthesis of 
empirical evidence in which the heterogeneity of the 
different studies shows their efficacy. Therefore, the 
present systematic review and meta-analysis was un-
dertaken to explore the deficiencies and contradictions 
found in the literature by analyzing the empirical evi-
dence available (15), emphasizing the actual reliability 
of RAD tests for SARS-CoV-2 in the management of 
SARS-CoV-2 pandemic.

Materials and Methods 

This systematic review and meta-analysis of the 
literature has been conducted following the “Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
ysis” (PRISMA) guidelines (15). We searched differ-
ent scholarly databases (namely, PubMed/MEDLINE 
and EMBASE) as well as pre-print servers including 
medrxiv.org for relevant studies from inception up to 
November 5th, 2020, without applying any backward 
chronological restrictions. The search strategy was a 
combination of the following keywords (free text and 
Medical Subject Heading [MeSH] terms, where ap-
propriate): antigen* AND (COVID-19 OR SARS-
CoV-2 OR Coronavirus) AND (diagnostic OR diag-
nostic test OR screening).

Records were handled using references manage-
ment software (Mendeley Desktop Version 1.19.5, 
Mendeley Ltd, London, UK, 2019), and duplicates 
were removed. Articles eligible for review were original 
research publications available online or through inter-
library loan. A language filter was applied, by retaining 
articles written in Italian, English, German, French or 
Spanish, the languages spoken by the investigators. 
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Only articles (a) dealing with COVID-19 cases 
diagnosed by means of conventional RT-qPCR tests 
on nasopharyngeal swabs (5); (b) based on commer-
cially available tests; and (c) reporting the raw num-
ber of true positive/true negative, and false positive/
false negative results were eligible for the full review. 
Two independent reviewers (M.V. and S.R.) reviewed 
titles, abstracts, and the full text of articles. Titles were 
screened for relevance with respect to the subject un-
der study. 

Any article reporting original results, which met 
one or more of the inclusion criteria, was retained for 
the full-text review. The investigators independently 
read full-text versions of eligible articles. Disagree-
ments were resolved by consensus between the two 
reviewers; when it was not possible to reach consensus, 
input from a third investigator (M.R.) was searched 
and obtained. Further studies were retrieved from ref-
erence lists of relevant articles and consultations with 
experts in the field. Data extracted included: 
1) Settings of the study;
2) Characteristics of reference cases;
3) Characteristics of the commercially available 

point-of-care test employed (i.e. manufacturer; 
diagnostic kit; sampling technique; being a FIA, 
ICT or CIA test).

4) Total number of true positive, true negative, false 
positive, false negative cases.
We first performed a descriptive analysis to report 

the characteristics of the included studies. Each study 
was assessed by means of sensitivity (Se), specificity 
(Sp), positive and negative likelihood ratio (PLR and 
NLR), diagnostic odds ratio (DOR), accuracy and 
Cohen’s “kappa”. Sensitivity can be defined as the pro-
portion of positive cases among people with a given 
disease, and specificity as the proportion of negative 
cases among people without that disease. 

The likelihood ratios express the likelihood that 
a given test result would be expected in a patient with 
a certain disorder compared to the likelihood of that 
same result among subjects without that disorder; PLR 
was calculated by dividing the pooled Se by (1 – Sp); 
NLR was calculated by dividing (1 – Se) by Sp. The 
DOR expresses how much greater the odds of hav-
ing the disorder are for the people with a positive test 
result than for the people with a negative test result. It 

is a single measure of diagnostic test performance that 
combines both likelihood ratios by dividing PLR by 
NLR.  The accuracy of any test is measured by com-
paring the results from a diagnostic test (positive or 
negative) with the true disease using a gold standard 
(presence or absence). Cohen’s kappa coefficient is a 
statistical measure that is used to quantitatively assess 
inter-rater reliability (and also intra-rater reliability) 
for qualitative (i.e., categorical) items. In other words, 
it measures the agreement between two raters who 
each classify N items into C mutually exclusive cat-
egories. Cohen’s kappa values < 0.600 suggest “weak” 
to “none” agreement, while values 0.600 to 0.799 sug-
gest a “moderate” agreement, 0.800 to 0.900 a “strong” 
agreement, and >0.900 an “almost perfect” agreement.

Pooled Se, Sp, PLR, NLR, accuracy, Cohen’s 
kappa and DOR were calculated by combining each 
study’s results, by means of a random-effects model. 
For DOR, a correction factor of one half was added 
to each cell to avoid calculation problems by having a 
value of zero in the 2 × 2 table. 

Potential heterogeneity for threshold effect (i.e., 
differences in Se and Sp occurring because of differ-
ent cut-offs used in different diagnostic kits) was as-
sessed by reporting accuracy estimates from each study 
in a summary receiver operating characteristic (sROC) 
space and subsequent visual inspection of the resulting 
curves: i.e., a substantial difference in curves suggested 
a possible heterogeneity for threshold effect, while the 
overlap of curves was reported as a sign of its absence 
(16).

I2 statistics were then calculated to quantify the 
amount of inconsistency between included studies; it 
estimates the percentage of total variation across stud-
ies that is due to heterogeneity rather than to chance. 
I2 values ranging from 0% to 25% were considered to 
represent low heterogeneity, from 26% to 50% moder-
ate heterogeneity and above 50% substantial heteroge-
neity, being pooled using a fixed-effects model because 
of the reduced number of samples eventually included. 

To investigate publication bias, contour-enhanced 
funnel plots were initially generated: publication bias 
was evaluated by testing the null hypothesis that pub-
lication bias does not exist by means of the regression 
test for funnel plot asymmetry. The null hypothesis was 
rejected if the p-value was less than 0.10. 
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All calculations were performed in R (version 
3.6.1; R Core Team, 2017. R: A language and envi-
ronment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. URL https://
www.R-project.org/) and RStudio (version 1.2.5019, 
RStudio PBC, 250 Northern Ave,

Boston, MA, USA) software by means of meta 
(version 4.9-9), mada (version 0.5-9), and nsROC 
(version 1.1) packages. All packages are open-source 
add-ons for conducting meta-analyses.

Results

The initial literature search yielded a pool of 3749 
entries. After removing duplicates (n = 371), 3372 ar-
ticles were evaluated by title and abstract. After title 
screening, 3334 articles were removed, and 38 were 
subsequently screened by abstract. Eight articles were 

excluded based on abstract screening and, finally, 30 
articles were assessed for eligibility, reviewed by full-
text. As one article was performed on salivary fluids, 
while two further reports dealt on respiratory sample, 
and two more articles lacked raw number of reported 
cases, that were otherwise not reverse-calculable, those 
5 articles were ultimately excluded. Twenty-five stud-
ies were therefore eventually retrieved (14,17–33). As 
three studies reported data on multiple diagnostic kits 
(23,27,33), the present systematic review and meta-
analysis included a total of 29 estimates. The process 
of studies retrieval and inclusion is pictorially shown 
in Figure 1.

The main characteristics of the studies included 
in the present systematic review and meta-analysis are 
reported in Table 1. Briefly, 13 of the included reports 
were preprints (17,20,22–25,27,29,32–37), while re-
maining 12 studies had received a full peer-review 
process (14,18,19,21,26,28,30,31,38–41). 

Figure 1. The process of studies retrieval and inclusion adopted in the present systematic review and meta-analysis. A total of 25 
studies with 29 estimates were retrieved.
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Overall, our meta-analysis included a total of 
12518 samples: the size of every single estimate ranged 
from 64 to 1406, and only 3 studies had performed 
a preventive power analysis (27,35,36). Of the re-
trieved samples, 3510 were SARS-CoV-2 positive as 
confirmed by RT-qPCR (28.0%), with a positive rate 
ranging between 1.9% and 60.6%.

The retrieved estimates reported on a total of 9 
different commercially available tests (1 of them was 
commercialized with two different brand names in 
North America and Western Europe), all of them 
targeting the nucleocapsid (N) protein [42], with 
18 estimates on ICT (60.3% of the pooled sample) 
(14,19,20,22–24,27–29,31,32,35,36,38,40,41), 10 on 
FIA (37.2%) (17,18,21,25,27,30,33,39), while only 
one report dealt on CIA (2.5%) (26).

A summary of the diagnostic performances of the 
RAD tests that were included in this systematic review 
is reported in Table 2.  

More precisely, the specificity of reported studies 
ranged between 94.9% to 100%, with a pooled esti-
mate of 99.4% (95%CI 99.0–99.7). As shown in Fig-
ure 2, ICT tests exhibited a pooled specificity of 99.7% 
(95%CI 99.1 – 99.9), that was slightly but significantly 
greater than that reported for FIA i.e. (98.9% 95%CI 
97.7 – 99.4; chi squared test p value 0.006). The only 
CIA based study we were able to retrieve scored a 
specificity of 99.6% (95%CI 97.8-100). The heteroge-
neity was substantial (I2 81.0%, p < 0.001), for both 
ICT (I2 83%) and FIA based studies (I2 74%).

As shown in Figure 3, the value of sensitivity 
ranged from 16.9% to 96.4%, with a pooled sensitiv-

ity of 72.8% (95%CI 62.4–81.3), that was not signifi-
cantly greater in FIA (75.3%; 95%CI 58.4-86.9) than 
in ICT based studies (72.3%; 95%CI 58.0-83.2; p = 
0.150), while the study on CIA scored a sensitivity of 
55.2% (95%CI 41.5-68.3%). As observed for specific-
ity, heterogeneity was substantial (I2 96%), for both 
ICT (I2 97%) and FIA based studies (I2 96%).

Assuming a cut-off value of 25 cycle threshold 
(Ct; i.e. 1.8 x 10^5 viral copies/mL), and dichotomiz-
ing samples in those characterized by high (i.e. Ct < 
25) and low (i.e. Ct ≥ 25) viral load, a pooled sensitivity 
of 97.6% (95%CI 94.1–99.0), and 43.6% (95% 27.6-
61.1) was identified, respectively (Figure 4). 

In other words, RAD tests exhibited a consider-
ably higher sensitivity in samples characterized by a 
higher viral load compared to samples with low viral 
load. Interestingly, performances of FIA and ICT tests 
were similar both with higher viral load (pooled sen-
sitivity of 98.3%, 95%CI 95.0-99.5 vs. 96.6%, 95%CI 
90.2-98.8, respectively p = 0.106), while for samples 
having a Ct ≥ 25 the pooled sensitivity of ICT tests 
(44.7%, 95% 22.8-68.9) significantly outperformed 
that of FIA tests (41.0%; 95%CI 21.0-64.5; p < 0.001). 
Residual heterogeneity was again substantial, for both 
sub-analyses (i.e. I2 89% for samples with high viral 
load vs. I2 77% in samples with low viral load).

Visual inspection of contour-enhanced funnel 
plots (Figure 5), suggested a seemingly considerable 
asymmetry for all analyses, with subsequent reporting 
bias. However, regression analysis confirmed a signifi-
cant reporting bias for overall analysis of specificity (t 
= 3.504, df = 27, p-value = 0.002), while it was sub-

Table 2. Summary of the diagnostic performances of the RAD tests included in the systematic review (note: DOR = diagnostic odds 
ratio; 95%CI = 95% confidence intervals; NLR = negative likelihood ratio; PLR = positive likelihood ratio; Se = sensitivity; Sp = 
specificity; Ct = cycle threshold)

Variable Estimate 95%CI Tau2 P value Q(df ) I2

Se 72.8 62.4; 81.3 1.582 < 0.001 831.62 (28) 96.5

< 25 Ct 97.6 94.1; 99.0 1.953 < 0.001 102.07 (16) 80.0

≥ 25 Ct 43.6 27.6; 61.1 1.934 < 0.001 306.61 (16) 94.8

Sp 99.4 99.0; 99.7 1.614 < 0.001 121.87 (28) 81.0

Kappa 0.684 0.635; 0.733 0.018 < 0.001 809931.373 (28) 99.9

Accuracy 0.890 0.873; 0.907 0.002 < 0.001 100310.901 (28) 99.9

DOR 288.394 153.206; 542.870 1.941 < 0.001 118.145  (28) 76.3

NLR 0.230 0.169; 0.315 0.190 0.051 41.283 (28) 32.2

PLR 61.687 38.586; 98.620 0.899 < 0.001 90.910 (28) 69.2
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Figure 2. Forest plot representing the estimated specificity of SARS-CoV-2 antigen-based studies. Pooled specificity was 99.4% (95%CI 
99.0–99.7), with considerable heterogeneity (I2 81%), and a significant difference between FIA (98.9%, 95%CI 97.7 – 99.4) and ICT 
based estimates (99.7%, 95%CI 99.1 – 99.9; chi squared test p value < 0.001). Note: A = Coris Bioconcept - COVID-19 Ag Respi-
Strip; B = SD Biosensor - STANDARD F COVID-19 Ag FIA; C = Bioeasy Biotechnology Co. - Bioeasy 2019-Novel Coronavirus 
(2019-nCoV) Fluorescence Antigen Rapid Test Kit; D = BD Life Sciences – Veritor Plus System; E = Fujirebio Inc – Lumipulse G; 
F = Quidel Corporation – SOFIA SARS ANTIGEN FIA; G = Abbot Diagnostics - Panbio COVID-19 Ag Rapid Test device; H = 
Abbot Diagnostics - BinaxNow COVID-19 Ag Card; I = AAZ – COVID-Viro; L = SD Biosensor - STANDARD Q COVID-19 Ag.
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Figure 3. Forest plot representing the estimated sensitivity of SARS-CoV-2 antigen-based studies. Pooled sensitivity was 72.8% 
(95%CI 62.4–81.3), being not significantly greater in FIA based studies (i.e. 75.3%, 95%CI 58.4-86.9) than in ICT based studies 
(72.3%; 95%CI 58.6-83.2). Heterogeneity was substantial (I2, 97%), for both groups (i.e. I2, 95% in ICT studies, I2 = 96% in FIA 
studies). Note: A = Coris Bioconcept - COVID-19 Ag Respi-Strip; B = SD Biosensor - STANDARD F COVID-19 Ag FIA; C 
= Bioeasy Biotechnology Co. - Bioeasy 2019-Novel Coronavirus (2019-nCoV) Fluorescence Antigen Rapid Test Kit; D = BD Life 
Sciences – Veritor Plus System; E = Fujirebio Inc – Lumipulse G; F = Quidel Corporation – SOFIA SARS ANTIGEN FIA; G = 
Abbot Diagnostics - Panbio COVID-19 Ag Rapid Test device; H = Abbot Diagnostics - BinaxNow COVID-19 Ag Card; I = AAZ 
– COVID-Viro; L = SD Biosensor - STANDARD Q COVID-19 Ag.
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Figure 4. Forest plot representing the estimated sensitivity of SARS-CoV-2 antigen-based studies by cycle threshold value, i.e. CT < 25 
(left) vs. CT ≥ 25 (right). Pooled sensitivity was 97.6% (95%CI 94.1–99.0) for studies with higher viral load (CT < 25), compared to 43.6% 
(95% 27.6-61.1) in studies with lower viral load (CT ≥ 25). Heterogeneity was substantial, for both sub-analyses (i.e. I2 80% for samples 
with high viral load vs. I2 95% in samples with low viral load). Note: Note: A = Coris Bioconcept - COVID-19 Ag Respi-Strip; B = SD 
Biosensor - STANDARD F COVID-19 Ag FIA; C = Bioeasy Biotechnology Co. - Bioeasy 2019-Novel Coronavirus (2019-nCoV) 
Fluorescence Antigen Rapid Test Kit; D = BD Life Sciences – Veritor Plus System; F = Quidel Corporation – SOFIA SARS ANTIGEN 
FIA; G = Abbot Diagnostics - Panbio COVID-19 Ag Rapid Test device; L = SD Biosensor - STANDARD Q COVID-19 Ag.

Figure 5. Funnel plots for Sensitivity (a), and Specificity (b) of studies included in the metanalysis. Visual inspection suggested a 
significant asymmetry for all analyses, with subsequent reporting bias. However, regression analysis dismissed a significant reporting 
bias for overall analysis of sensitivity (t = -0.0329, df = 27, p-value = 0.974), but not for specificity (t = 3.504, df = 27, p-value = 0.002).

A) Sensitivity, all studies                                                                                          B) Specificity, all studies
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stantially dismissed for sensitivity (t = -0.0329, df = 27, 
p-value = 0.974). 

Not coincidentally, corresponding radial plot for sen-
sitivity was characterized by a seemingly random distribu-

tion of the studies across the regression line for sensitivity, 
while the radial plot for specificity was characterized by 
a non-random scattering of studies, suggesting a possible 
small-study effect on the overall estimates (Figure 6).

A) Sensitivity, all studies                                                                                           B) Specificity, all studies

Figure 6. Radial plots for Sensitivity (a), and Specificity (b) of studies included in the metanalysis. Visual inspection suggested the 
seemingly random distribution of included studies on both sides of the regression line for sensitivity, but not for specificity.

Figure 7. Forrest plot representing the pooled diagnostic odds ratio (DOR) of antigen-based tests for SARS-CoV-2. A substantial 
heterogeneity in reported studies was identified (I2 76.3%, Cochran’s Q: 118.145  (df=28, p < 0.001)).
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Effectiveness of the diagnostic tests was eventu-
ally summarized by calculation of PLR, NLR, DOR 
and Cohen’s Kappa values. Pooled PLR estimate was 
61.687 (95%CI 38.586-98.620), with a correspond-
ent NLR of 0.230 (95%CI 0.169-0.315), i.e., while a 
positive test was associated with relatively strong evi-
dence of infection, a negative one was associated with 
a reduced chance of being actually affected by SARS-
CoV-2 infection. Correspondent pooled DOR (i.e. 
288.394; 95%CI 153.206-542.870) from the retrieved 
studies is shown in Figure 7. Eventually, the pooled ac-
curacy was 0.890 (95%CI 0.873-0.907) while Cohen’s 
kappa was estimated in 0.684 (95%CI 0.629; 0.735). 
In other words, despite a substantial heterogeneity 
(I2 99.9% for both estimates), the agreement between 
RAD tests and RT-PCR may be assumed to be mod-
erate.

In order to exclude that the differences in overall 
performance may have been associated with a different 
threshold level among studies, sROC of two distinc-
tive models were determined, either using the overall 
DOR by combining each study’s diagnostic odds ratio 
(random-effects model, AUC = 0.844), or a fixed (un-
weighted) method (AUC = 0.867). The small but no-
ticeable difference between the symmetric and asym-
metric sROC curves indicates that a threshold effect is 
actually present (Figure 8).

Discussion

Summary of Findings

In the current meta-analysis of 25 studies (29 es-
timates) on the diagnostic performances of RAD tests, 
we found a moderate agreement with RT-qPCR tests. 
Albeit quite specific (pooled estimates 99.4%; 95%CI 
99.0–99.7), commercially available diagnostic kits were 
affected by relatively low sensitivity (i.e. 71.9%, 95%CI 
59.8-81.5). In other words, available tests are at risk to 
incorrectly diagnose around 30% of all SARS-CoV-2 
infection cases, being substantially inadequate for an 
extensive use as screening test. Actually, pooled perfor-
mances were particularly poor for infections character-
ized by a very low content of viral copies in the collected 
specimens, which is often the case of asymptomatic 
patients suffering of COVID-19 (14,52,53), as sub-
stantially confirmed by the comparison of ROC curves. 
Moreover, estimates for specificity were affected by sub-
stantial heterogeneity, with a possible reporting bias (i.e. 
oversampling of studies characterized by “socially desir-
able” features), and a noticeable small study effect (i.e. 
smaller studies showing different performances than 
larger ones). In other terms, even though our data may 
hint that false positive to RAD tests are quite rare, the 
actual performance of antigenic tests in mass screening 
procedures could be significantly lower than expected.

Figure 8. Summary Receiver Operated Characteristics (sROC) curves for antigen tests for SARS-CoV-2 RNA. The small but 
noticeable differences between estimates from a random-effect model (AUC = 0.844) and a fixed-effect model (AUC = 0.867) are 
consistent with the hypothesis of a threshold effect in diagnostic performances of assessed tests.



Acta Biomed 2022; Vol. 93, N. 2: e202203616

Pros and Cons of RAD tests in SARS-CoV-2 management

The ongoing SARS-CoV-2 pandemic, and par-
ticularly its resurgence during European Winter Sea-
son, has urged international health authorities to assess 
the extensive implementation of RAD tests in the di-
agnostic procedures for SARS-CoV-2 (13,31,41,43–
45). Because of the increasing surge of intensive care 
during the later stages of COVID-19 syndrome, 
earlier diagnoses of SARS-CoV-2 infections would 
spare available medical resources for at-risk patients, 
improving their chances for an immediate, more in-
tensive assistance, since the early stages of the clini-
cal syndrome. RAD tests may fit very accurately such 
requirements, finding a number of potential locations 
and targets for on-site testing, including but not limit-
edly: Emergency Departments interacting with sub-
jects affected with influenza-like illness in order to 
rapidly discern COVID-19 vs. non-COVID-19 cases; 
primary care professionals; nursing homes for staff, 
resident and visitor screening; occupational settings in 
order to allow safe return of key workers (45,49). On 
the other hand, as RAD tests are relatively inexpen-
sive, being also quicker to perform and to analyze, as 
well as easier and somewhat less invasive than conven-
tional molecular assays on nasal swabs. In other words, 
they may represent the highly demanded mass “screen-
ing test” for SARS-CoV-2 infection that will allow the 
detection of those paucisymptomatic / asymptomatic 
patients that, eluding tracing and tracking activities, 
and therefore avoiding the confinement measures, are 
critical in maintaining and increasing viral circulation 
at community level (13,31,41,43–45). 

Usability of RAD tests in mass screening procedures

It must be stressed that RAD tests are not a nov-
elty in the diagnosis of respiratory diseases of viral eti-
ology (46–48), and also their shortcoming have been 
diffusely acknowledged. More precisely, the analytical 
performances of RAD tests depend on factors such as 
the viral load; the quality of the specimen and how it is 
processed; the testing settings (14,45–48). Our results 
suggest that antigenic tests for SARS-CoV-2 share all 
such weaknesses, failing to achieve the high level of 
accuracy, in terms of both specificity and sensitivity 

otherwise required to be considered a reliable screen-
ing tests (45,50,51).

The poor sensitivity we identified, particularly 
among cases with a Ct ≥ 25, means that an extensive 
referral to RADs will miss a significant number of cases 
(50,51), i.e. persons not only potentially at risk to de-
velop the dire consequences of the infection, but also 
still able to spread SARS-CoV-2 infection, eventu-
ally maintaining its endemic state. Furthermore, a large 
number of false negative results - true cases incorrectly 
told that they are free of disease - might lead a not neg-
ligible amount of people to indulge in at-risk habits and 
behaviors, contributing to a further spread of the infec-
tion at the community level. In other words, from an 
epidemiological point, RAD tests are not suitable for 
screening campaigns, unless we could rule out a signifi-
cant role of asymptomatic patients in the spreading of 
the SARS-COV-2 virus, scenario which has already 
been excluded by scientific evidence (54,55). Converse-
ly, it is possible to affirm that this unsatisfactory overall 
performance becomes somewhat satisfactory when lim-
iting the use of RAD tests to high-viral load patients, 
which are generally those with a more symptomatic 
disease course (14,20,23,27,29,35,36,38,49,52–55). 
As a consequence, from a clinical point of view, RAD 
tests may be game-changing when reserved to the sole 
symptomatic patients, and particularly during the “ex-
ponential” stages of the epidemics (i.e. when the share 
of SARS-CoV-2 infected patients with higher viral 
load is reasonably high), in order to achieve a quick and 
reliable differential diagnosis with other respiratory in-
fectious diseases. A focused referral to such instruments 
may therefore spare available diagnostic and clinical re-
sources, eventually guaranteeing an early treatment start 
for positive cases, possibly at the home of the patient, 
avoiding delays which often result in hospitalization 
(31,43,45,49).

Reliability of the estimates

Substantially unsatisfying as they are as screen-
ing test when employed in a general population having 
higher share of patients with low viral load, the diag-
nostic accuracy of RAD tests we examined may actually 
be a substantial overestimation of the real one (56,57). 

Firstly, we assessed sensitivity and specificity of 
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RADs compared to RT-qPCR analysis on nasopharyn-
geal specimens. Despite their well acknowledged status, 
to date we are in the paradoxical situation where “gold 
standard” testing (i.e. nasopharyngeal swab with RT-
qPCR processing) has a sensitivity which is far from 
satisfactory. In a recent study on 205 patients with con-
firmed SARS-CoV-2 infection, RT-qPCR positivity 
rate in nasal swabs accounted to only 63%, well below 
the 93% in bronchoalveolar lavage specimens, and 72% 
in sputum, with only a 32% positivity in pharyngeal 
swabs (58). As ACE2 receptor is reputed to be nearly 
ubiquitous in human body (59), such differences are 
reasonably due to an inappropriate timing of sample 
collection in relation to illness onset and/or last effec-
tive contact with an infected person, as well as to the 
proficiency in sampling technique (14,45–48,58). More 
precisely, not only oral and respiratory tissues seem to 
have a different conversion times (60–62), but secretory 
IgA, either specific for SARS-CoV-2 or maybe target-
ing other Coronaviruses, might also be able to interfere 
with the detection of viral antigens (63). Therefore, per-
sistence of detectable viral components may be quite 
diachronous, with unclear clinical and epidemiological 
significance. As a consequence, on the one hand, the 
very same referral of RT-qPCR tests on nasal swabs 
may fail to recognize the whole of incident cases, par-
ticularly for very low viral loads, suggesting an even 
lower estimate for the “real-world” sensitivity of the 
assessed RADs. On the other hand, the heterogeneous 
representation of viral replication in respiratory and oral 
tissues may impair from their roots the comparisons of 
RADs with RT-qPCR tests on nasopharyngeal swabs, 
and particularly the eventual estimation of their actual 
accuracy (45,58,62). 

Second, the large majority of reported studies were 
performed in clinical and/or laboratory settings, with 
intrinsic oversampling of positive SARS-CoV-2 com-
pared to the overall sampled population, and eventual 
overestimation of actual sensitivity. As recently stated 
by Woloshin et al. (56,57), use of either known positive 
or contrived samples may lead to overestimates of the 
actual sensitivity of the assessed test, since the sample 
collection may miss infected material in the daily prac-
tice. In other words, the eventual pooled estimate for 
sensitivity in cohort studies may be an overestimate of 
the actual diagnostic performances. Not coincidentally, 

even though the field study of Pilarowski et al. reported 
on a diagnostic kit that was industrially analogous to 
other RADs that had performed particularly well, as-
sessed sensitivity and specificity were far from being sat-
isfying (i.e. 71.4% and 95.7%, respectively) (37).

Limits of our study

Some significant limitations of our study should 
be then stressed. First and foremost, more than half of 
sampled studied were retrieved from a pre-print plat-
form (17,20,22–25,27,29,32–37), and corresponding 
results will require a further validation before being 
acknowledged as biomedical evidence.

Second, even though we performed a specific sub-
analysis of RAD tests sensitivity where the viral load 
was available, our meta-analysis did not take in ac-
count the presumptive delay between test performing 
and the reported onset of the symptoms, as not regu-
larly available from selected studies. As a consequence, 
it is possible that most of commercial kits that did 
not perform particularly well may have been impaired 
from the source, being employed in an inappropriate 
timeframe, underestimating their actual sensitivity in 
optimal settings (64–67). However, as such items have 
been designed to be deployed as a point-of-care diag-
nostics, including primary care units and Emergency 
Departments, it is reasonable that their potential us-
ers will refer to RADs in settings quite heterogeneous, 
forcibly far from optimal sampling windows.

Third, the studies included in the analyses were 
quite heterogeneous, not only in terms of sample size, 
but also when dealing with the reference populations, 
and only a subgroup of estimates reported the actual 
viral load of the sampled cases (14,18,36,38,20,23,25, 
27,29,30,33,35). As viral load is instrumental in in-
fluencing the estimated sensitivity of the majority of 
RAD tests for viral infection (47,48,68), we cannot 
rule out that the pooled sensitivity we assessed may 
have been either inflated or flattened by the character-
istics of the original population. 

Fourth, in the majority of the studies we retrieved, 
sampled were collected by convenience (27,35,36): 
therefore, not only the eventual estimates are affected 
by the aforementioned oversampling of positive cases, 
failing to be representative of the general population, 
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but also the lack of a preventive power analysis impairs 
the proper assessment of the tests’ performances. As a 
consequence, we suggest that our results should be re-
tained cautiously and not as a comparative assessment 
of commercially available kits.

Conclusions

In conclusion, albeit promising, and potentially 
useful in certain, well-defined settings (69-70), the use 
of available RAD tests on suspected SARS-CoV-2 in-
fection cases is currently questionable for clinical pur-
poses. In other words, RAD tests not represent a suit-
able candidate for mass screening procedures, and they 
even cannot substitute the conventional collection of 
nasopharyngeal samples in daily practice. However, 
given the limitations of the present review, such as the 
small number of studies, the small sample sizes and 
the high, statistically significant amount of heteroge-
neity among studies, further high-quality research in 
the field is absolutely needed. 
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