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Abstract 

Background The global spread of COVID‑19 created an explosion in rapid tests with results in < 1 hour, but their 
relative performance characteristics are not fully understood yet. Our aim was to determine the most sensitive and 
specific rapid test for the diagnosis of SARS‑CoV‑2.

Methods Design: Rapid review and diagnostic test accuracy network meta‑analysis (DTA‑NMA).

Eligibility criteria: Randomized controlled trials (RCTs) and observational studies assessing rapid antigen and/or rapid 
molecular test(s) to detect SARS‑CoV‑2 in participants of any age, suspected or not with SARS‑CoV‑2 infection.

Information sources: Embase, MEDLINE, and Cochrane Central Register of Controlled Trials, up to September 12, 2021.

Outcome measures: Sensitivity and specificity of rapid antigen and molecular tests suitable for detecting SARS‑CoV‑2.

Data extraction and risk of bias assessment: Screening of literature search results was conducted by one reviewer; 
data abstraction was completed by one reviewer and independently verified by a second reviewer. Risk of bias was 
not assessed in the included studies.

Data synthesis: Random‑effects meta‑analysis and DTA‑NMA.

Results We included 93 studies (reported in 88 articles) relating to 36 rapid antigen tests in 104,961 participants 
and 23 rapid molecular tests in 10,449 participants. Overall, rapid antigen tests had a sensitivity of 0.75 (95% confi‑
dence interval 0.70–0.79) and specificity of 0.99 (0.98–0.99). Rapid antigen test sensitivity was higher when nasal or 
combined samples (e.g., combinations of nose, throat, mouth, or saliva samples) were used, but lower when naso‑
pharyngeal samples were used, and in those classified as asymptomatic at the time of testing. Rapid molecular tests 
may result in fewer false negatives than rapid antigen tests (sensitivity: 0.93, 0.88–0.96; specificity: 0.98, 0.97–0.99). 
The tests with the highest sensitivity and specificity estimates were the Xpert Xpress rapid molecular test by Cepheid 
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(sensitivity: 0.99, 0.83–1.00; specificity: 0.97, 0.69–1.00) among the 23 commercial rapid molecular tests and the 
COVID‑VIRO test by AAZ‑LMB (sensitivity: 0.93, 0.48–0.99; specificity: 0.98, 0.44–1.00) among the 36 rapid antigen tests 
we examined.

Conclusions Rapid molecular tests were associated with both high sensitivity and specificity, while rapid antigen 
tests were mainly associated with high specificity, according to the minimum performance requirements by WHO 
and Health Canada. Our rapid review was limited to English, peer‑reviewed published results of commercial tests, and 
study risk of bias was not assessed. A full systematic review is required.

Review registration PROSPERO CRD42021289712

Keywords Diagnostic test accuracy, Rapid tests, COVID‑19, SARS‑CoV‑2, Network meta‑analysis, Rapid review

Summary box
What is already known on this topic

• Incorrect identification of SARS-CoV-2 may lead to 
unnecessary further testing, isolation, undue stress, 
loss of productivity, and school absences, so it is 
essential to have accurate testing.

• A polymerase chain reaction (PCR) test, completed 
in a lab, is considered a reference standard of test-
ing, but it is costly to do and, in some settings with 
capacity challenges, it can take a day or more to get 
an answer.

• There are two broad categories of rapid tests that can 
deliver results quickly, often in less than an hour—
rapid molecular tests and rapid antigen tests; but it is 
unclear which rapid tests are most accurate and what 
circumstances might make rapid tests more or less 
accurate.

What this study adds

• Our findings showed that rapid molecular tests are 
more accurate than rapid antigen tests and that rapid 
antigen test sensitivity might increase with the use 
of nasal samples or mixed samples (with a combi-
nation of samples from the nose, throat, and saliva) 
and decrease with the use of nasopharyngeal (from 
the area behind the nose and about the back of the 
throat) sample.

• Our results must be interpreted with caution because 
they are based on a rapid review, which used a sim-
plified evidence synthesis process and included a 
limited number of studies; a full systematic review is 
required to confirm these preliminary results.

Background
Countries around the world use rapid tests to help reduce 
the spread of the severe acute respiratory syndrome 
coronavirus 2 (SARSCoV-2). Rapid tests are intended to 

quickly (< 1  hour) identify a current infectiousness with 
SARS-CoV-2, the coronavirus that causes the COVID-19 
disease. Rapid tests can help in part breaking unidentified 
chains of transmission. There are several types of rapid 
tests (e.g., antigen rapid tests and molecular rapid tests). 
Antigen tests identify proteins on the virus; they may 
come in disposable plastic cassettes, similar to pregnancy 
tests, or may require a portable analyzer (e.g., Quidel 
Sofia 2). Rapid molecular tests detect the virus’ genetic 
material in a similar way to laboratory methods but use 
smaller devices that are easy to transport or to set up out-
side of a laboratory. Both tests use nose, saliva, tongue, 
buccal, or throat samples. Since antigen tests detect 
viral proteins, they need more virus to be present in the 
sample. On the contrary, molecular tests can detect tiny 
amounts of genetic material in the sample. Many point-
of-care tests are self-tests simple for people to use and 
interpret, without complicated equipment or lab analy-
sis. Rapid tests are less expensive and deliver a result in 
an hour rather than a day or more. But are their results 
accurate enough to guide management and infection pre-
vention and control?

The reference standard test for SARS-CoV-2 infection 
is a result from a laboratory-based polymerase chain 
reaction (PCR) test (or reverse transcription [RT]-qPCR). 
However, logistical challenges in accessing timely diag-
nostic PCR testing in times of high community transmis-
sion because of capacity issues highlights the importance 
of having access to additional diagnostically accurate 
rapid testing modalities (e.g., see Priority Strategies [1] 
from Government of Canada). Many studies and reviews 
have evaluated the accuracy of rapid tests, and we know 
that rapid tests are not always as accurate as PCR tests 
[2–7]. What we do not know is which rapid tests are the 
most accurate, and what circumstances might make rapid 
tests more or less accurate. Diagnostic test accuracy net-
work meta-analysis (DTA-NMA) allows us (a) to draw 
inferences about differences in accuracy between tests 
that previously have not been compared, (b) rank all the 
available tests according to their diagnostic accuracy 
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using all available evidence and borrowing strength from 
the network of studies, and (c) increase precision by con-
sidering all available evidence in a single model. Even in 
the case of a small number of studies informing a test 
(e.g., fewer than four), in contrast to DTA meta-analysis 
(i.e., the bivariate model), where estimation problems 
may occur (e.g., obtaining unreliable parameter estimates 
or lack of convergence) [8], DTA-NMA produces esti-
mates for the included tests.

Obtaining quick and accurate results within one clini-
cal encounter allows faster decisions about isolation and 
healthcare interventions (including early therapies) for 
those with positive test results, and contact tracing can 
begin immediately. The aim of this rapid review and 
DTA-NMA was to determine sensitivity and specificity 
of rapid antigen and rapid molecular tests for the diagno-
sis of the SARS-CoV-2 infection (COVID-19 disease) in 
adults and children according to the reference standard 
PCR test.

Methods
We conducted a rapid review and NMA of DTA studies 
to synthesize different sources of evidence from a net-
work of studies that compare different COVID-19 rapid 
tests. We followed the Preferred Items for Systematic 
Reviews and Meta-analysis (PRISMA) extension for DTA 
[9] (see Additional files 1 and 2) and PRISMA-NMA 
[10] (see Additional file 3) for reporting our rapid review 
DTA-NMA findings.

Protocol
We developed our protocol using the Cochrane Hand-
book for Systematic Reviews of Diagnostic Test Accuracy 
and revised it with feedback from decision-makers within 
Health Canada, Public Health Agency of Canada, Minis-
try of Public Health in Thailand, and Irish Department 
of Health, as well as content experts, research method-
ologists, and statisticians. We used the PRISMA-P [11] 
guidelines and followed the World Health Organization 
(WHO) guide to rapid reviews [12] and registered our 
protocol with PROSPERO (CRD42021289712).

Electronic searches
We searched Embase, MEDLINE, and EBM Reviews—
Cochrane Central Register of Controlled Trials up to 
September 2021 for RCTs and observational studies 
(both retrospective and prospective studies) assessing 
any rapid antigen and any rapid molecular test to detect 
SARS-CoV-2. The literature search was developed by an 
experienced librarian (Ms. Skidmore; see Appendix  1—
see Additional file  4), peer-reviewed by another librar-
ian (Ms. Campbell) using the Peer Review of Electronic 

Search Strategies Checklist prior to the search execution 
[13], and completed on September 12, 2021.

Eligibility criteria
RCTs and cohort studies published in English, with avail-
able 2 × 2 data (i.e., true positives, true negatives, false 
negatives, false positives) for analysis were eligible. We 
included studies from December 2019 up to September 
2021, as shown below:

• Population: Both adults and children screened for 
SARS-CoV-2 infection or suspected of having a cur-
rent SARS-CoV-2 infection, vaccinated or not.

• Target condition: SARS-CoV-2 infection.
• Index tests: We included studies evaluating one or 

more COVID-19 rapid antigen test or rapid molec-
ular test used for screening of asymptomatic indi-
viduals or the diagnosis of SARS-CoV-2 infection 
in symptomatic individuals. We considered point of 
care or lab-based tests with turnaround times pro-
ducing a result in less than an hour, without special 
sampling procedures (e.g., bronchoscopy or deep 
sputum), and limited to commercially available tests 
in any country, as determined in the publication or in 
the 360Dx regularly updated tracker [14].

• Reference Standard: We considered assays using PCR 
as a reference standard.

• Study design: We included RCTs and observational 
studies (i.e., single group diagnostic accuracy studies; 
prospective and retrospective). We included studies 
that provided the 2 × 2 table or joint classification-
tables of index tests. We excluded small studies with 
fewer than ten cases and ten non-cases to minimize 
unreliable or biased estimates of sensitivity and spec-
ificity [15].

• Outcome: Sensitivity and specificity of rapid antigen 
and molecular tests suitable for screening and diag-
nosing SARS-CoV-2.

We excluded case–control studies, studies not using 
PCR as the reference standard, and studies not providing 
the 2 × 2 table in their publication.

Search and study selection
We used our proprietary online tool, Synthesi.SR [16], to 
perform all levels of screening. To ensure reliability, all 
reviewers conducted a training exercise of 50 citations 
at level one and 15 articles at level two before screen-
ing, independently. When high agreement (> 75%) was 
observed, one team member (AAV, CS, ST, DN) screened 
each title and abstract for inclusion. After pilot-testing 
the screening criteria, one team member (AAV, CS, PK, 
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AN, ST) reviewed the full-text of potentially relevant 
articles to determine inclusion.

Data extraction
One review author (AAV, PK, CS, AN) performed data 
extraction using a predefined data extraction form, which 
was independently verified by a second reviewer. We 
pilot tested the form before proceeding to data abstrac-
tion using five full-text articles. We extracted the 2 × 2 
(or joint classification tables, where available) and data 
characteristics of the participants, tests, and the study, 
as shown in Table  1. Conflicts were resolved by team 
discussion.

Risk of bias and applicability appraisal
We did not perform a risk of bias appraisal of the 
included studies due to time constraints.

Data analysis methods
For the diagnostic accuracy of each index test sepa-
rately, we used the 2 × 2 table of the individual studies 
as defined by the results of the index test against the ref-
erence standard. For each index test, a random-effects 
DTA meta-analysis was performed using the bivariate 
model to estimate a summary sensitivity and specificity 
with associated 95% CIs [8]. For completeness, we also 
performed the bivariate model in a Bayesian framework, 
using the model presented in the Cochrane Handbook 
for Systematic Reviews of Diagnostic Test Accuracy with 
vague priors for all model parameters [17]. For fewer than 
four studies informing an index test or evident hetero-
geneity between studies, only a descriptive analysis was 
performed, and results were presented in forest plots [8].

When the eligible studies formed a network of index 
tests, we performed a random-effects DTA-NMA to 
use the totality of evidence in a single model. A refer-
ence standard defines the presence or absence of SARS-
CoV-2, and a network comprises index tests only [18]. 
We performed a Bayesian DTA-NMA model requiring 
the 2 × 2 table of the results of each index test against 

the reference standard, accounting for correlation 
between tests from the same study (Appendix  2—see 
Additional file  4) [19]. We estimated sensitivity and 
specificity for each test along with their 95% credible 
intervals (CrIs) and between-test and between-study 
heterogeneity. The minimum performance require-
ment for a test was sensitivity of ≥ 0.80 and specificity 
of ≥ 0.97, in accordance with guidance from WHO and 
Health Canada [20, 21]. We also calculated the Diag-
nostic Odds Ratio (DOR) within the DTA-NMA, to 
rank their performance; the higher the DOR, the better 
the test.

To explore heterogeneity, we visually inspected for-
est plots (variability in sensitivity and specificity, and 
confidence intervals overlapping between studies). We 
investigated potential sources of heterogeneity that may 
influence diagnostic accuracy using subgroup analy-
sis (i.e., splitting included studies into subsets accord-
ing to a specific characteristic) or meta-regression (i.e., 
adjusting for a covariate in the meta-analysis model) 
according to the following potential effect modifiers: 
symptom status (asymptomatic vs symptomatic), sam-
ple type (e.g., saliva, nasal swab), participant type (e.g., 
general public, healthcare worker), and rapid molecular 
test category (i.e., rRT-PCR, PT-Isothermal, RT-Lamp). 
When there were more than ten studies of antigen or 
molecular tests, separately, we explored heterogeneity 
by adding age as a covariate term in a meta-regression 
analysis to assess differences in accuracy.

A key assumption in DTA-NMA is that data are miss-
ing at random  (MAR), which is inter-related with the 
transitivity assumption, assuming that potential clini-
cal and methodological effect modifiers (e.g., partici-
pant age, test sample type) are on average similar across 
the different comparisons [22]. Violation of transitivity 
can cause statistical inconsistency between direct and 
indirect evidence. Several methods have been pro-
posed to assess consistency in NMA of interventions 
[23–25], but these methods have not yet been applied 
to DTA networks. We compared the distribution of 

Table 1 Characteristics for data abstraction

Group Data abstracted

Participant characteristics Symptom status (symptomatic, asymptomatic); Duration of symptoms (in days); Age of test recipient; General public vs. 
Healthcare workers; Proportion of females/women (i.e., sex and gender of person being tested); Ethnicity; COVID‑19 Vac‑
cination status; Vaccine type; Number of vaccinations for COVID‑19; Time of last vaccination

Test characteristics Test name; Manufacturer; Sample type (e.g., saliva, nasopharyngeal swab, buccal/tongue, nasal); Sample condition; Time 
required for a test; Sample storage; Reference Standard; Test operator (e.g., nurse, self‑testing); Who interpreted the results 
(e.g., nurse, self‑testing); 2 × 2 table; Sensitivity, specificity, positive predicted value, negative predictive value with corre‑
sponding uncertainty measures (e.g., 95% CI)

Study characteristics Year of publication; Journal name; Country where study completed; Study design; Study setting (school, community, health 
facilities [e.g., hospital]); Setting of participant recruitment; Study duration; Recruitment dates
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effect modifiers across the different test comparisons 
visually. We performed DTA meta-analyses and meta-
regression using the mada package [26] in R version 
2.21.7. We also conducted DTA meta-analyses within 

a Bayesian framework through the rjags package in R 
[27, 28]. Finally, we performed DTA-NMAs using rstan 
package in R [29] and the code provided by Nyaga et al. 
[19].

Fig. 1 Flowchart of included studies in the rapid review
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Results
Literature search and study characteristics
Our preliminary literature search yielded 4,565 titles 
and abstracts; 314 articles were eligible (Fig.  1). The 
identified 314 citations evaluated rapid antigen and 
rapid molecular tests to detect SARS-CoV-2. Of these, 
we included RCTs and cohort studies  (prospective and 
retrospective) with available 2 × 2 data for analysis. 
Our analysis included 93 studies (reported in 88 arti-
cles; see Appendix 3—see Additional file 4): 68 studies 
assessed rapid antigen tests (composed of 55 single-test 
studies, eight paired-test studies, and five multi-test 
studies), and 27 studies assessed rapid molecular tests 
(comprised of 23 single-test studies, three paired-test 
studies, and one multi-test study). Two studies assessed 
both types of rapid tests.

We included evaluations of 36 different rapid anti-
gen tests and 23 rapid molecular tests, with a total of 
115,410 participants (104,961 participants in antigen 
tests; 10,449 participants in molecular tests; Appen-
dix 4—see Additional file 4). The included studies were 
conducted in 28 countries (16 [17%] North America; 
56 [60%] Europe; 18 [19%] Asia). The rapid antigen test 
most frequently (16 [16.3%]) assessed in the included 
studies was the PanBio COVID-19 Ag Rapid test 
(Abbott), and the most frequent rapid molecular test (5 
[14.7%]) was the Xpert Xpress (Cepheid, Appendix 5—
see Additional file 4).

Statistical analysis
Meta‑analysis
We conducted a DTA meta-analysis for the rapid tests 
that were informed by at least four studies, regardless 
of symptom status. Among the rapid molecular tests, 
we were able to meta-analyze data for the Xpert Xpress 
(Cepheid) test, including five studies and 763 partici-
pants (sensitivity 0.98 with 95% confidence interval 
[0.94, 1.00], specificity 0.98 [0.94, 0.99]). Similarly, we 

performed a DTA-meta-analysis for four rapid antigen 
tests (Table 2):

• PanBio COVID-19 Ag Rapid test (Abbott), including 
16 studies and 32,151 participants (sensitivity 0.72 
[0.61, 0.81], specificity 0.99 [0.99, 1.00])

• SARS-CoV-2 Rapid Antigen Test (Roche), including 
seven studies and 6065 participants (sensitivity 0.77 
[0.55, 0.90], specificity 0.99 [0.96, 1.00])

• Standard F COVID-19 Ag test (SD Biosensor), 
including five studies and 6428 participants (sensitiv-
ity 0.65 [0.50, 0.78], specificity 0.98 [0.97, 0.99])

• Standard Q COVID-19 Ag test (SD Biosensor), 
including 13 studies and 8740 participants (sensitiv-
ity 0.72 [0.53, 0.86], specificity 0.99 [0.98, 1.00])

The results obtained from the bivariate meta-analysis 
in a Bayesian framework were in agreement (Appen-
dix  6—see Additional file  4). We summarized the indi-
vidual study results per test in the forest plots presented 
in Appendices 7 and 8.

Overall, the accuracy of rapid molecular and rapid anti-
gen tests in identifying true positive and true negative 
participants was as follows: sensitivity 0.75 [0.70, 0.79] 
and specificity 0.99 [0.98, 0.99] for antigen tests and sen-
sitivity 0.93 [0.88, 0.96] and specificity 0.98 [0.97, 0.99] 
for molecular tests (Appendix 9—see Additional file 4).

Network meta‑analysis
We conducted one DTA-NMA including all identi-
fied rapid antigen tests and one DTA-NMA focused 
on all identified rapid molecular tests. The network of 
rapid molecular tests included 26 studies, 10,449 par-
ticipants and 23 tests, and the network of rapid antigen 
tests included 68 studies, 104,961 participants and 36 
tests, regardless of symptom status or age of partici-
pants (Fig. 2). Based on the available data, there was no 
evidence that the transitivity assumption was challenged 
in either of the two DTA-NMAs (Appendix  10—see 

Table 2 Summarized results from the bivariate DTA meta‑analysis model

Summary estimates Heterogeneity 
standard deviation

Type Test # Studies (# patients) Sensitivity (95% CI) Specificity (95% CI) Sensitivity Specificity

Rapid molecular test Xpert Xpress 5 (763) 0.98 (0.94, 1.00) 0.98 (0.94, 0.99) 0.79 0.53

Rapid antigen test Standard Q COVID‑19 Ag 13 (8740) 0.72 (0.53, 0.86) 0.99 (0.98, 1.00) 1.49 1.82

PanBio COVID‑19 Ag Rapid test 
(Abbott)

16 (32,151) 0.72 (0.61, 0.81) 0.99 (0.99, 1.00) 0.98 1.72

SARS‑CoV‑2 Rapid Antigen Test 
(Roche)

7 (6065) 0.77 (0.55, 0.90) 0.99 (0.96, 1.00) 1.33 1.52

Standard F COVID‑19 Ag 5 (6428) 0.65 (0.50, 0.78) 0.98 (0.97, 0.99) 0.67 0.41
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Additional file 4). However, several effect modifiers (e.g., 
percent of symptomatic and asymptomatic individuals) 
were not reported in the publications informing the dif-
ferent test comparisons, suggesting that the transitivity 
assumption could not be assessed appropriately.

Our NMA suggested that the Xpert Xpress rapid 
molecular test by Cepheid was associated with the high-
est sensitivity (0.99 [0.83, 1.00]), highest specificity (0.97 
[0.69, 1.00]), and highest DOR (3152.16). According to 
the DOR, this test was followed by the GeneSoC test by 
Kyorin Pharmaceutical Co. Ltd. (sensitivity: 0.89 [0.33, 
1.00]; specificity 0.88 [0.33, 1.00]; DOR: 308.54) and the 
Truenat Beta CoV test by Molbio Diagnostics (sensitiv-
ity: 0.90 [0.31, 1.00]; specificity: 0.86 [0.30, 1.00]; DOR: 
170.14). Overall, 15 rapid molecular tests were associ-
ated with a sensitivity of  ≥ 0.80 and three rapid molecu-
lar tests with a specificity of  ≥ 0.97. Two rapid molecular 
tests met the minimum performance criteria by WHO 
and Health Canada: the Xpert Xpress test by Cepheid 
and the Novodiag COVID-19 test by Mobidiag (sensitiv-
ity: 0.80 [0.34, 0.97]; specificity: 0.97 [0.47, 1.00]; DOR: 
127.98).

Among the rapid antigen tests, our NMA suggested 
that the COVID-VIRO test by AAZ-LMB was associ-
ated with the highest sensitivity (0.93 [0.48, 0.99]), among 
the highest specificities (0.98 [0.44, 1.00]), and the high-
est DOR (719.79). According to the DOR, this test was 
followed by Ortho’s VITROS SARS-CoV-2 Ag Test by 
Ortho Clinical Diagnostics (sensitivity: 0.87 [0.33, 1.00]; 
specificity: 0.90 [0.34, 1.00]; DOR: 166.79) and PanBio 

COVID-19 Ag Rapid test by Abbott (sensitivity: 0.67 
[0.59, 0.75]; specificity: 0.99 [0.97, 0.99]; DOR 166.07) 
(see Fig. 3, Appendix 11—see Additional file 4). Overall, 
six rapid antigen tests were associated with a sensitivity 
of  ≥ 0.80 and seven rapid antigen tests with a specific-
ity of  ≥ 0.97. Two rapid antigen tests met the minimum 
performance criteria by WHO and Health Canada: the 
COVID-VIRO test by AAZ-LMB and Sofia SARS Anti-
gen FIA test by Quidel (sensitivity: 0.81 [0.46, 0.95]; spec-
ificity: 0.97 [0.71, 0.99]; DOR: 143.8).

Heterogeneity estimates are presented in Appendices 
12, 13, and 14, for each rapid molecular, rapid antigen, 
and overall tests in DTA-NMA, separately. Our results 
show that the overall between-study heterogeneity vari-
ance is 0.78 (0.00, 7.25) for sensitivity and 1.58 (0.00, 
23.54) for specificity in rapid molecular tests and 1.02 
(0.42, 1.91) and 2.17 (0.80, 4.54), respectively, in rapid 
antigen tests. This suggests that results across studies 
assessing the underlying tests vary, which can be attrib-
uted to the differences across clinical and methodological 
study characteristics.

Subgroup and meta‑regression analysis
Our subgroup analyses using the DTA meta-analysis 
model of rapid antigen tests showed that sensitivity may 
decrease when:

Fig. 2 Network geometry of the included studies for (a) rapid antigen tests and (b) rapid molecular tests. Each vertex represents a different test, 
and each edge corresponds to at least one study comparing the two tests. Closed circles represent tests compared in single‑test studies, and 
numbers in the circles show the number of single‑test studies informing the underlying test. Solid black dots (non‑closed circles without an 
enclosed number) represent tests compared in paired‑ or multi‑test studies only. Dashed lines and solid lines represent paired‑test and multiple‑test 
studies, respectively
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Fig. 3 Network meta‑analysis interval plots for sensitivity and specificity of a rapid antigen tests and b rapid molecular tests



Page 9 of 11Veroniki et al. BMC Medicine          (2023) 21:110  

• Nasopharyngeal is used as a sample type (naso-
pharyngeal 0.71 [0.66, 0.76] with 71 studies and 
34,993 participants)

• Asymptomatic individuals are tested (symptomatic 
0.77 [0.58, 0.88] with 17 studies and 27,335 partici-
pants; asymptomatic 0.55 [0.32, 0.76] with 10 studies 
and 8621 participants)

Data on symptomatic vs asymptomatic individuals 
were not available for rapid molecular tests, but sensi-
tivity in nasopharyngeal samples was 0.91 (0.84, 0.96) 
with 21 studies and 7916 participants and in combined 
samples was 0.94 (0.87, 0.98) with 12 studies and 2324 
participants (Appendix  15—see Additional file  4). One 
study (209 participants) assessed saliva sample type in 
rapid molecular tests and estimated sensitivity 0.96 (0.92, 
0.99). Our meta-regression suggested that the relative 
change in sensitivity increased by 0.50 (0.49, 0.50) with 
a unit increase in age (Appendix  16—see Additional 
file  4). In Appendix  17 (see Additional file  4), we pre-
sent results per age group (< 18  years old, between 18 
and 40  years old, and > 65  years old), where two studies 
including 1262 children  suggest that rapid tests are asso-
ciated with lower sensitivity, irrespective of sample type. 
However, more evidence is needed to infer on the dif-
ferences in sensitivity and specificity across age groups. 
RT-LAMP tests (0.84 [0.67, 0.93]) were less sensitive 
than rRT-PCR tests (0.97 [0.95, 0.99]) (Appendix 15 and 
18—see Additional file 4). These findings are based on a 
rapid review, where parts of the systematic review pro-
cess were omitted (e.g., risk of bias assessment) to expe-
dite the time to completion and provide timely advice to 
decision-makers.

Discussion
This rapid review and DTA-NMA was conducted to 
determine the comparative accuracy, in terms of sensi-
tivity and specificity, of rapid antigen and rapid molecu-
lar tests separately. Overall, rapid molecular tests were 
associated with high sensitivity and specificity, while 
rapid antigen tests were mainly associated with high 
specificity, as compared with the minimum performance 
requirements by WHO and Health Canada. Disentan-
gling evidence based on the different tests, only two 
rapid antigen tests (COVID-VIRO, Sofia SARS Antigen 
FIA) and two rapid molecular tests (Mobidiag Novodiag 
COVID-19, Xpert Xpress) met the minimum perfor-
mance requirements by WHO and Health Canada. How-
ever, our DTA-NMA of rapid molecular tests was based 
on a substantially smaller volume of evidence compared 
to rapid antigen tests (rapid molecular tests: 27 studies, 
10,449 participants, 23 tests vs rapid antigen tests: 68 
studies, 104,961participants, 36 tests). Rapid antigen test 

sensitivity appeared to be higher when nasal or combined 
samples (more than one of the following samples: nose, 
throat, mouth, saliva samples) were used, but lower when 
nasopharyngeal samples were used and when asympto-
matic individuals were tested. This may in part be attrib-
uted to a greater ability to detect low viral loads in test 
samples. However, our results should be interpreted with 
caution since they are based on a rapid review.

Several systematic reviews have been conducted to 
assess rapid tests for SARS CoV-2 [2–7]. However, our 
rapid review is the only study combining all available evi-
dence in a single model using DTA-NMA methods. Since 
it is rarely the case that a single study can sufficiently 
assess the accuracy of all available tests, an extensive 
DTA-NMA can best inform practice and policy. Our dif-
ferences with previously published reviews rest primarily 
on the more comprehensive analyses regarding the per-
formance of rapid SARS CoV-2 tests. In particular, we 
conducted a comprehensive literature search in major 
databases, which was developed, peer-reviewed, and 
run by experienced librarians [3, 5, 6], used the bivari-
ate meta-analytical modeling to account for correlation 
between sensitivity and specificity across studies [3], ana-
lyzed test estimates coming from fewer than four studies 
[4, 7] while accounting for sensitivity and specificity cor-
relation, included rapid molecular tests [2–7] in the rapid 
review, applied the ANOVA DTA-NMA modeling to 
comparatively evaluate all available tests [2–7] for rapid 
antigen and rapid molecular tests separately, and ranked 
tests according to their diagnostic accuracy.

The present findings have not been assessed regard-
ing the study risk of bias, which is likely to impact on the 
present results. Also, it is not clear what variants of SARS-
CoV-2 the participants had during these studies or what 
the source of specimen (e.g., saliva, nasopharyngeal swab, 
buccal/ tongue, nasal) was in children. The transitivity 
assumption assessing the distribution of potential effect 
modifiers (e.g., percent of symptomatic and asymptomatic 
individuals) across test comparisons could not be assessed 
appropriately, since reporting was inadequate in the origi-
nal study publications. Our literature searches were con-
ducted 7 months ago (up to the time this manuscript was 
submitted for publication), and in this rapidly moving area, 
it is possible that we might have missed studies to con-
tribute to the evidence-base. For example, in the included 
rapid tests, the BTNX test approved for use in Canada in 
March 2022, which was well after our literature search in 
September 2021, was not included in our review. Thus, it is 
likely that there were no published articles of this commer-
cial product at that time. Similar to all systematic reviews, 
the evidence should be updated regularly.

In the update of this  review, a full systematic 
review  should be conducted, where the methodological 
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quality using the QUADAS-2 and QUADAS-C tools [30, 
31]  should be used, the inclusion of both preprints and 
publications should be considered, and authors for poten-
tially missing or unclear data  should be contacted. Also, 
the impact of circulating variants, vaccination status, test 
operator (e.g., nurse, self-testing), who interpreted the 
results (e.g., nurse, self-testing), and participant age on the 
accuracy of the individual rapid tests should be evaluated.

Conclusions
Rapid molecular tests were associated with both high 
sensitivity and specificity, while rapid antigen tests were 
mainly associated with high specificity, according to 
the minimum performance requirements by WHO and 
Health Canada. The Novodiag COVID-19 by Mobidiag 
and the Xpert Xpress by Cepheid rapid molecular tests, 
as well as the COVID-VIRO test by AAZ-LMB and Sofia 
SARS Antigen FIA by Quidel rapid antigen tests, met the 
required performance criteria regarding sensitivity and 
specificity across all identified tests. Overall, rapid anti-
gen test sensitivity was higher when nasal or combined 
samples (e.g., combinations of nose, throat, mouth, or 
saliva samples) were used, but lower when nasopharyn-
geal samples were used, and in those classified as asymp-
tomatic at the time of testing. However, our results 
should be interpreted with caution, since they are based 
on a rapid review, and a full systematic review is required 
to confirm these preliminary results.
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