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Abstract

COVID-19 self-testing strategy (COVIDST) can rapidly identify symptomatic and asymp-

tomatic SARS-CoV-2-infected individuals and their contacts, potentially reducing transmis-

sion. In this living systematic review, we evaluated the evidence for real-world COVIDST

performance. Two independent reviewers searched six databases (PubMed, Embase, Web

of Science, World Health Organization database, Cochrane COVID-19 registry, Europe

PMC) for the period April 1st, 2020, to January 18th, 2023. Data on studies evaluating COV-

IDST against laboratory-based conventional testing and reported on diagnostic accuracy,

feasibility, acceptability, impact, and qualitative outcomes were abstracted. Bivariate ran-

dom effects meta-analyses of COVIDST accuracy were performed (n = 14). Subgroup anal-

yses (by sampling site, symptomatic/asymptomatic infection, supervised/unsupervised

strategy, with/without digital supports) were conducted. Data from 70 included studies, con-

ducted across 25 countries with a median sample size of 817 (range: 28–784,707) were

pooled. Specificity and DOR was high overall, irrespective of subgroups (98.37–99.71%).

Highest sensitivities were reported for: a) symptomatic individuals (73.91%, 95%CI: 68.41–

78.75%; n = 9), b) mid-turbinate nasal samples (77.79%, 95%CI: 56.03–90.59%; n = 14), c)

supervised strategy (86.67%, 95%CI: 59.64–96.62%; n = 13), and d) use of digital interven-

tions (70.15%, 95%CI: 50.18–84.63%; n = 14). Lower sensitivity was attributed to absence

of symptoms, errors in test conduct and absence of supervision or a digital support. We

found no difference in COVIDST sensitivity between delta and omicron pre-dominant period.

Digital supports increased confidence in COVIDST reporting and interpretation (n = 16).

Overall acceptability was 91.0–98.7% (n = 2) with lower acceptability reported for daily self-

testing (39.5–51.1%). Overall feasibility was 69.0–100.0% (n = 5) with lower feasibility

(35.9–64.6%) for serial self-testing. COVIDST decreased closures in school, workplace,

and social events (n = 4). COVIDST is an effective rapid screening strategy for home-, work-

place- or school-based screening, for symptomatic persons, and for preventing
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Québec – Santé (Merité award: 313488). The

funders had no role in study design, data collection

and analysis, decision to publish, or preparation of

the manuscript.

https://orcid.org/0000-0001-8575-436X
https://orcid.org/0000-0002-4672-0500
https://doi.org/10.1371/journal.pgph.0002336
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0002336&domain=pdf&date_stamp=2024-02-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0002336&domain=pdf&date_stamp=2024-02-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0002336&domain=pdf&date_stamp=2024-02-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0002336&domain=pdf&date_stamp=2024-02-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0002336&domain=pdf&date_stamp=2024-02-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pgph.0002336&domain=pdf&date_stamp=2024-02-07
https://doi.org/10.1371/journal.pgph.0002336
https://doi.org/10.1371/journal.pgph.0002336
http://creativecommons.org/licenses/by/4.0/


transmission during outbreaks. These data will guide COVIDST policy. Our review demon-

strates that COVIDST has paved the way for self-testing in pandemics worldwide.

Introduction

COVID-19 cases are rapidly declining due to extensive vaccine coverage but clustering is

reported in select subgroups (i.e., unvaccinated and immune suppressed individuals) [1]. A

shift towards greater use of self-tests was observed towards the end of 2021. Widespread avail-

ability of rapid self-test kits, either through public distribution systems, or through private

pharmacies, convenience stores, or online websites, empowered individuals to exercise auton-

omy in managing their exposures and guiding their actions.

COVID-19 self-testing (COVIDST), defined as strategies when individuals collect their

own samples, test themselves, interpret results, and use results to guide actions post-self-test.

COVIDST has particularly facilitated an expanded access in the global north. However, it has

greater value in areas with limited resources, in the setting of expensive or absent laboratory-

based conventional testing, and during outbreaks [2].

COVIDST is performed with rapid diagnostic tests (RDTs). It helps detect active COVID-

19 infection in a rapid turnaround time (TAT), thereby offering a convenient, user-friendly

alternative to conventional lab-based reverse transcription polymerase chain reaction

(RT-PCR) tests. Conventional tests require long wait times and longer TATs that increase the

risk of COVID-19 exposure [3, 4]. Alternatively, COVIDST can reduce dependence on health-

care workers (HCW) and reduce exposure in healthcare settings by allowing self-testing in

safe, private spaces. Rapid identification of symptomatic SARS-CoV-2-infected individuals

prevents exposure in community contacts and allows a timely knowledge of infection status,

prompting informed action plans. Initiation of an action plan can greatly reduce transmission

and mitigate burden on healthcare systems.

A Cochrane systematic review that assessed the diagnostic accuracy of HCW-performed

RDTs reported an average sensitivity of 72% in symptomatic individuals and 58% in asymp-

tomatic individuals. However, researchers did not report outcomes beyond accuracy where

RDTs were used as self-tests [5]. The World Health Organization (WHO) guidelines on COV-

IDST implementation released in early 2022 provides evidence on diagnostic accuracy [6].

Although the COVID-19 pandemic has waned, a few randomized controlled trials (RCTs) and

observational studies on COVID-19 self-testing and multiplexed point-of-care self-testing for

multiple respiratory infections including COVID-19 are still being conducted and published.

An explosion of literature in 2022–2023 on real world performance underscores the need for a

comprehensive, living review of evidence beyond diagnostic performance.

The overarching goal of this living systematic review is to update existing policies, fill evi-

dence gaps, and provide guidance to enhance quality of tests and reporting systems in line

with WHO guidelines, and to guide future outbreaks of COVID-19.

The review aims to: a) explore variability in COVIDST diagnostic performance across the

spectrum of its use in a meta-analysis; b) summarize feasibility, acceptability, accessibility, and

public health impact of COVIDST; and c) document qualitative outcomes.

Methods

We registered our protocol on PROSPERO (CRD42022314799) [7]. No patients, study partici-

pants, or members of the public were involved in the design, conduct, or reporting of this

review.
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Data sources and searches

Two independent reviewers (AA, FV) searched five electronic databases (Pubmed, Embase,

Web of Science, WHO database, and Cochrane COVID-19 registry) from April 1st, 2020, to

January 18th, 2023, for peer-reviewed journal articles and conference abstracts. Grey literature

was searched through the Europe PMC pre-prints database (Fig 1). No restrictions were placed

on language or publication year. We will update the review until August 1st, 2023.

Search string

(COVID-19* OR covid* OR “SARS-CoV-2*”) AND
(“Self-test*” OR “Self test*” OR “Self-screen*” OR “Self screen*” OR “home test*” OR “at home

test*” OR “at-home test*”) (S1 Box).

Study selection

All kinds of studies (observational and experimental) evaluating COVIDST strategies were

included. Modelling studies, commentaries, narratives, opinion pieces, review articles, and

case reports were excluded. Titles, abstracts, and full texts were independently screened for eli-

gibility based on pre-specified inclusion and exclusion criteria. Disagreements were resolved

by discussion and consultation with a senior reviewer (NPP) (Fig 1).

Data extraction and quality assessment

Data across all global geographic regions (i.e., low-, middle-, and high-income) were indepen-

dently abstracted. Interventions included molecular/antigen/antibody COVID-19 self-tests as

Fig 1. PRISMA flow diagram.

https://doi.org/10.1371/journal.pgph.0002336.g001
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the index tests. Comparators included conventional RT-PCR testing by HCWs or other

trained professionals.

Primary outcome was diagnostic accuracy (i.e., sensitivity, specificity, and diagnostic odds

ratio [DOR]) [8]. Authors were contacted for data when not completely available.

Secondary outcome data on feasibility, acceptability, new infections detection, preferences,

and impact were abstracted and reported with summary estimates of proportions and 95%

confidence intervals (CI) [8, 9]. Tertiary outcomes included qualitative measures on motiva-

tions, facilitators, and barriers to test (S1 Table).

Quality Assessment of Diagnostic Accuracy Studies Tool 2 (QUADAS-2) was used to assess

risk of bias in diagnostic accuracy studies (DAS). Newcastle-Ottawa Scale (NOS) was used for

observational studies and Cochrane Risk of Bias Tool 2 (RoB2) deployed for randomized con-

trolled trials (RCTs) [10–14].

Data synthesis and meta-analyses

Diagnostic accuracy was explored in forest plots and heterogeneity was evaluated using i2 met-

ric. Using bivariate random-effects meta-analysis, variability in COVIDST diagnostic perfor-

mance was first explored.

Next, subgroup analyses were conducted for: 1) Symptom status (asymptomatic versus

symptomatic individuals); 2) Strategy (supervised versus unsupervised testing strategy); 3) Site

of self-sampling specimens (anterior nasal versus mid-turbinate nasal versus combined nasal-

oropharyngeal versus saliva); 4) Digital support (i.e., websites, smartphone applications, test

readers, other online tools) presence versus absence.

All analyses were conducted in R and RStudio statistical software (Version 2021.09.01,

Build 372) using mada and meta packages [15, 16].

Results

Study selection

Of 146 studies assessed during full-text review, 85 were excluded. Reasons for exclusion were

duplicate studies (n = 7), not self-testing (n = 42), no outcomes of interest (n = 6), serology

studies (n = 8), study design (n = 8), and not COVID-19 (n = 14). Seventy studies (peer-

reviewed = 65, preprints = 5) were included. Nine of these studies were retrieved through bib-

liographic search (Fig 1).

Study characteristics

Of seventy studies conducted across 25 countries, a majority, i.e., sixty-three (90.0%) were con-

ducted in high-income countries (HICs) and eight (11.43%) in low- and middle-income coun-

tries (LMICs) [17]. Three studies were conducted in multiple countries [3, 18, 19]. Sample

sizes ranged from 28 to 784,707 with a median sample size of 817 (S2 Table).

COVIDST strategies included mass screening (n = 32), targeted screening (i.e., school, col-

lege, university, nursing home, sports club) (n = 28), and healthcare facility-based screening

(n = 8).

Populations studied were: 1) general population members (n = 39), 2) teachers, parents,

school, and university students (n = 11), 3) healthcare and laboratory staff (n = 10), 4) hospital

patients (n = 5), 5) drug addiction treatment patients (n = 1), 6) office employees (n = 1), 7)

nursing homes residents and staff (n = 1), 8) music festival attendees (n = 1), and 9) Black,

Indigenous, and People of Colour (BIPOC) community (n = 1).
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Sampling sites used were anterior and mid-turbinate nasal, salivary, nasopharyngeal, and

oropharyngeal.

Studies were conducted in asymptomatic (n = 17), symptomatic (n = 3), or both asymptom-

atic and symptomatic (n = 27) individuals.

Thirty-four studies reported unsupervised/at-home self-testing strategy, ten studies evalu-

ated supervised self-testing strategy, and two studies evaluated both. In supervised self-testing,

the entire procedure was observed by trained HCWs or research staff, who did/did not inter-

vene if it was being incorrectly conducted or when assistance was required. In unsupervised

COVIDST, unobserved testing was performed in test centres or at-home.

Digital supports for COVIDST (n = 20 studies) included websites, smartphone applications,

and video-based instructions. Of these, nine studies reported digital components that aided in

improving self-test accuracy.

Synthesized results for primary outcome (diagnostic accuracy)

Diagnostic performance of COVIDST was evaluated with: A) narrative synthesis and B) meta-

analysis.

First, we reported sensitivity/specificity by test devices, symptom onset, covid variants, and

cycle threshold (CT) values, for studies, where we were unable to meta-analyze due to paucity

of data and studies (Narrative synthesis, Primary outcome). We reported 95% confidence

intervals (95% CIs) where available. Subsequently, we generated a forest plot from pooled sen-

sitivity and specificity (n = 14) where possible. For subgroups, we conducted a meta-analysis

with pooled data (Meta-analysis results, Primary outcome).

Narrative synthesis. Diagnostic accuracy results from individual studies were summa-

rized across test devices (n = 14), by symptom onset (n = 4), by CT value (n = 3), and by vari-

ants (n = 2). We could not perform a meta-analysis for these categories.

Four studies reported on diagnostic performance across 15 different COVIDST devices (S3

Table). Of these, four test devices reported WHO-recommended sensitivities above 80%:

Boson SARS-CoV-2 antigen test card (98.18%, 95% CI: 96.74%–99.62%), Biosynex in symp-

tomatic populations (93.8%; 95% CI: 79.3%–98.4%), Biosynex in asymptomatic populations

(83.3%; 95% CI: 73.4%-90.0%), Standard Q by SD Biosensor (82.50%, 95% CI: 68.1%–91.3%

and 94.38%, 95% CI: 87.54%-98.60%), and MP Bio (83.01%, 95% CI: 78.8%-86.7%). Specifici-

ties were above 91% for all devices [20–26].

Four studies reported accuracies by day of symptom onset. Two studies reported sensitivi-

ties of 99.18% one day prior to symptom onset, 98.77–100% on first 2 days, and 100% from

day 2 to 7 of symptom onset [20, 25]. Conversely, a community-based study reported sensitiv-

ity of 23% within 0–1 days and 66.67% within 2–4 days of symptom onset [23]. Finally, another

study reported a sensitivity of 73% when self-test was conducted within 0–5 days of symptom

onset as compared to 22% when conducted after 5 days [27].

Three studies reported on performance of self-test by cycle threshold (CT) values. Low CT

values of positive RT-PCR results indicated a high viral load in swab samples. RT-PCR and

self-test results were compared; CT value was checked for each self-test result. One study

detected 100% of infections with COVIDST when CT values were below 20, 92% when CT val-

ues were between 20–30, and 33.33% when CT values were above 30 [20]. COVIDST in 2 stud-

ies detected: 1) symptomatic cases when mean CT value was 23.1 (IQR: 19.5–30.0) and median

CT value was 14 (IQR: 12.0–18.0); 2) asymptomatic cases when mean CT value was 28.2 (IQR:

25.0–33.0) [23, 28].

Two studies compared COVIDST performance in delta versus omicron variant infected

populations. In one study, sensitivity decreased from 87.0% in the delta period to 80.9% in the
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omicron period [26]. Conversely, in another study, same-day sensitivity of self-tests was higher

(22.1%, 95%CI: 15.5–28.8%) in omicron period versus 15.5% (95%CI: 6.2–24.8%) in delta

period [29].

Meta-analyses results. Fourteen studies reported data on accuracy [19–26, 30–35]. First,

we pooled sensitivities and specificities to create forest plots (Figs 2 and 3). Following this, we

assessed heterogeneity and conducted subgroup analyses; results are summarized below.

Our forest plots reported a point estimate for pooled sensitivity (n = 14) of 75.0% (95%CI:

59.0%-86.0%) (Fig 2). Sensitivities varied from 25% to 98%. Random effects model heterogene-

ity i2 statistic was high at 97%. Point estimate for pooled specificity (n = 14) was 100% (95%CI:

99.0%-100.0%) (Fig 3). Specificities varied from 97% to 100%. Random effects model heteroge-

neity i2 statistic was high at 94%.

We performed a subgroup analyses to explore this heterogeneity further. Summary receiver

operating characteristic (SROC) curves were plotted for all subgroups (S1A–S1D Fig). Pooled

sensitivities, specificities, and DORs estimates are provided in Table 1.

In subgroup analyses by sampling sites (n = 14), highest sensitivity was reported in samples

from mid-turbinate sampling (77.79%, 95%CI: 56.03%-90.59%), followed by combined nasal-

Fig 2. Forest plot—Sensitivity (Sn) of included studies (n = 14).

https://doi.org/10.1371/journal.pgph.0002336.g002

PLOS GLOBAL PUBLIC HEALTH COVID-19 self-tests: A living systematic review and meta-analysis

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002336 February 7, 2024 6 / 20

https://doi.org/10.1371/journal.pgph.0002336.g002
https://doi.org/10.1371/journal.pgph.0002336


oropharyngeal sampling (69.69%, 95%CI: 58.96%-78.62%), and anterior nasal sampling

(63.80%, 95%CI: 46.68%-78.0%, statistically significant). Sensitivity was lowest with salivary

sampling (39.10%, 95%CI: 18.45%-64.57%). Specificity was above 98% irrespective of sampling

site. DOR was highest for combined nasal-oropharyngeal specimens (303.00) and lowest for

saliva specimens (98.80).

Nine out of fourteen studies reported diagnostic accuracy data based on presence/absence

of symptoms. For symptomatic populations, sensitivity was 73.91% (95%CI: 68.41%-78.75%,

statistically significant) versus 40.18% (95%CI: 21.52%-62.20%) for asymptomatic populations.

Specificity was above 97% irrespective of symptomatic status. DOR was high at 249 for asymp-

tomatic versus 175 in symptomatic populations.

Thirteen out of fourteen studies evaluated performance of supervised and unsupervised

COVIDST. Supervised strategy reported a higher sensitivity of 86.67% (95%CI: 59.64%-

96.62%) versus a sensitivity of 60.69% (95%CI: 50.31%-70.18%) in unsupervised strategy.

Fig 3. Forest plot—Specificity (Sp) of included studies (n = 14).

https://doi.org/10.1371/journal.pgph.0002336.g003
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Specificity was high at 99% irrespective of strategy. DOR was higher in supervised (1530.00)

versus in unsupervised (181.00) COVIDST.

Fourteen studies analyzed COVIDST performance with/without digital supports. Sensitiv-

ity was higher with digital supports (70.15%, 95%CI: 50.08%-84.63%) than without (65.69%,

95%CI: 54.06%-75.70%). Specificity was 99% irrespective of presence/absence of digital sup-

ports. DOR was higher (409.00) with digital supports than without them (237.00).

All 14 included studies in our meta-analyses were conducted in high income countries and

all were observational studies. Therefore, we were unable to explore heterogeneity by geo-

graphic regions and study design. However, our subgroup analyses suggests that the heteroge-

neity could’ve been attributed to sampling site, presence or absence of supervised self-testing,

addition of digital supports to self-testing, presence or absence of symptoms. Additionally,

possible sources of heterogeneity include the day of testing after exposure to virus or after

developing symptoms, type of test/brand of test used, the population conducting self-testing

(general population vs healthcare workers vs hospital patients etc.), different variants, and CT

values.

Synthesized results for secondary outcomes

Test positivity (new infections detected). Across twenty studies, new infections detected

by COVIDST varied from 0.02% to 27% [22, 25, 27, 28, 31, 36–48]. In two other studies, test

positivity varied from 12% to 83.3% during the delta wave and 41.7% to 87.2% during the omi-

cron wave [29, 49]. In one study, point prevalence for at-home COVIDST was 3.7% compared

to 5.5% for testing by HCWs [47].

Acceptability and willingness to use. Thirteen studies reported an overall high accept-

ability and willingness to use COVIDST. COVIDST acceptability was high (91%-98.7%) in

two studies, with higher acceptability in females (73.91%) versus males (60.09%) reported in

another study [50–52]. Acceptability was lower (39.48%-51.1%) for daily self-testing [38, 40,

Table 1. Meta-analyses of COVIDST diagnostic accuracy.

Sr No Category Sub-groups Sensitivity 95% CI Specificity 95% CI DOR 95% CI

1 Specific sampling site Anterior nasal 63.8 46.68–78.00 99.29 98.73–99.60 263 123–497

Mid-turbinate nasal 77.79 56.03–90.59 98.62 94.35–99.67 291 84.1–741

Saliva 39.1 18.45–64.57 99.32 97.60–99.81 98.8 55.50–163.00

Combined nasal-oropharyngeal 69.69 58.96–78.62 99.18 97.84–99.69 303 124–625

2 Symptomatic status Symptomatic 73.91 68.41–78.75 98.37 97.47–98.95 175 108–270

Asymptomatic 40.18 21.52–62.20 99.71 99.29–99.88 249 104–508

3 Testing method Supervised 86.67 59.64–96.62 99.39 97.04–99.88 1530 200–5670

Unsupervised 60.69 50.31–70.18 99.13 98.60–99.47 181 116–269

4 Digital Intervention Present 70.15 50.08–84.63 99.39 97.99–99.82 409 193.00–764.00

Absent 65.69 54.06–75.70 99.17 98.66–99.49 237 135–387

Key

Significance code P-value

*** [0, 0.001)

** (0.001, 0.01)

* (0.01, 0.05)

. (0.05, 0.1)

(0.1, 1)

Reference variable

https://doi.org/10.1371/journal.pgph.0002336.t001
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52]. Hesitancy to test (33.8%) and concerns about test accuracy (1%) made people decline

COVIDST [40].

Across three studies in different populations, COVIDST uptake was 97% in school children,

92.5% in children with medical problems, and 45.2% in a mass self-testing study [41, 43, 53].

Across seven studies, willingness to use nasal self-tests ranged from 77% to 95.8% [2, 54–59].

Feasibility and usability. Eighteen studies reported high COVIDST feasibility and ease of

use. Usability threshold, defined as the ability to correctly conduct all critical self-test steps,

was higher with digital supports.

An overall high feasibility was reported (69.6%-100%) across five studies [23, 40, 45, 60, 61].

In three studies, feasibility was lower for serial-testing COVIDST (35.9%-64.6%) [41, 50, 62].

The average completion rate was 4.3 self-tests over 4.8 weeks in another serial-testing study

[62].

Across seven studies, participants found COVIDST easy to use (81%-100%) [22, 30, 34, 45,

59, 63]. Specifically, two studies reported a high ease of conducting at-home self-tests (95.7%),

ease of reading self-test results (92%), and ease of remembering to test regularly (96%) [22, 38].

Across four studies, confidence in reporting test results and testing abilities was high (70%-

98%) [30, 34, 38, 64]. Regular COVIDST by dentists improved perception of safety while treat-

ing patients by 49% [65].

Usability threshold was assessed in three studies. A high usability threshold was reported

from Malawi (82.4%-90.4%) and Zimbabwe (65.4%-70.6%) [2]. In Germany, usability was

61.2%, while in France, it increased from 99.1% to 100% with video supports [23, 66].

Preference. Across six studies, preference for COVIDST varied from 29% to 87.9% [32,

45, 51, 63, 64, 66]. Overall, COVIDST preference was higher among Caucasian people, urban

populations, individuals with a college degree, and healthcare workers, as compared to ethnic

minorities, rural populations, individuals with a lower education, and working in other occu-

pations [32, 51, 59, 63, 67, 68]. 94% of participants preferred throat swab-based self-test and

90% preferred saliva-based self-tests [55]. In another study, 95.4% participants preferred over-

the-counter vending machines to obtain self-test kits [69].

Impact outcomes. Impact outcomes were evaluated in eighteen studies. In four studies,

COVIDST reduced closures in different institutions and of public events. Regular COVIDST

in a peri-urban primary school resulted in fewer school closures and decreased secondary

infections in one study [70]. In another, daily mass COVIDST resulted in 8,292 workday sav-

ings of essential workers [41].

Self-tests were also used as daily testing tools in high exposure HCWs, allowing them to

quarantine immediately in case of a positive result and prevent transmission of infection [28].

In addition to healthcare settings, COVIDST facilitated the continuation of work of co-work-

ing health laboratory sites in a pandemic setting [31]. Furthermore, pre-event COVIDST

allowed attendees to safely enjoy music concerts, wherein 87% of self-testers perceived a lower

risk of contracting COVID-19 at the concert [71].

Three studies reported a higher TAT with COVIDST compared to conventional testing. In

one study, TAT of 15–30 minutes for COVIDST versus 24–48 hours for RT-PCR was reported

[22]. Antigen self-tests had a mean TAT of 8.1 minutes (standard deviation: 1.3) [23]. In

another study, self-tests identified 23.5% of infections within 24 hours, and 54.9% of infections

in the next 48 hours, prior to obtaining RT-PCR results.

Impact of COVIDST on action plans (n = 7) and self-test result notification (n = 4) was

reported. In four studies, willingness to notify close contacts and relevant authorities was 80%-

97.6% [2, 52, 54, 57]. In two studies, a high proportion of respondents (80.78%-98.32%) were

willing to seek post-test counselling following a positive result [52, 57]. In three studies, 93%-

100% testers expressed willingness to self-isolate following a positive test result [2, 57, 72].
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Although only 49% of HCWs believed that self-testers would self-isolate themselves following

a positive result, they opined that self-testers would take steps to reduce infection transmission

[2].

Across two studies, 54%-78.3% of participants preferred validating initial COVIDST results

through repeat testing [23, 54, 57]. In three studies, 70.1%-92.6% self-testers sought confirma-

tory RT-PCR testing [39, 41, 54]. Children aged 5–11 years and 12–18 years with a positive

unsupervised self-test result were more likely to obtain a confirmatory PCR test compared to

supervised testers (Odds ratio = 3.48, 95%CI: 2.68–4.52 and Odds ratio = 2.16, 95%CI: 1.86–

2.50, respectively) [36].

Qualitative outcomes. Qualitative outcomes such as motivations, facilitators, and barriers

were assessed in 26 studies.

Motivators to self-test were protecting one’s health and reducing infection transmission to

close contacts, partaking in daily activities and physically accessing services, workplace safety,

travelling, dining outside, and attending large gatherings [45, 54, 66, 71, 73, 74]. Higher moti-

vations to test were linked to a higher socioeconomic status (SES) and ability to acquire test

kits [45, 68, 71, 73].

COVIDST facilitators assessed in twelve studies included self-test training prior to use,

non-intrusive and ease of testing at-home, increased sense of safety, detailed self-test instruc-

tions, faster turnaround time, and instructional videos [23, 28, 32, 57, 61, 62, 66, 68, 70, 75–79].

Across nine studies, COVIDST barriers included high costs, low trust in accuracy and reli-

ability, anxiety, fear of stigma due to positive result, hesitation in self-test conduct, uncomfort-

able self-swabbing procedures, difficulty following instructions and interpreting faint positive

test lines, lack of perceived benefit, and inequitable access to COVIDST [21–23, 53, 62, 76, 78,

80–82].

Self-testing with digital supports. Across fifteen studies, COVIDST digital supports used

were: online platforms (n = 6), app-based COVIDST (n = 6), video-based instructions (n = 5),

and online supervised COVIDST (n = 6) [22–24, 32, 34, 38–40, 45, 46, 49–51, 59–62, 64, 71, 83].

In four studies, app-assisted COVIDST allowed 98%-100% of participants to successfully

interpret their test results [38, 50, 60, 83]. while video-taped self-testing process increased par-

ticipants’ confidence (76%) in COVIDST results [71].

In another four studies, uploading a test result picture or reporting test results online was a

requirement that allowed HCWs to monitor and isolate positive cases [40, 49, 51, 60, 64].

In a mass COVIDST study, digital supports increased result notification in 75% of self-tes-

ters [83]. A self-testing and COVID-19 exposure notification app utilized such self-reported

COVIDST results to reduce risk of infection in non-infected app users [48, 49]. However,

unincentivized and voluntary reporting with a digital assistant in one mass COVIDST study

was low (4.6%) [83]. Also, digital reporting varied by test result; 3.2% reported positive test

results and 1.8% reported negative test results [60]. One study reported that federal COVID-19

statistics did not include 42.8% of participants with a positive self-test result [48].

Risk of bias assessment

To assess any publication bias in studies included in the meta-analysis, a funnel plot was plot-

ted (S2 Fig). A low risk of bias was estimated using Deek’s method (p-value of 0.79).

Using the QUADAS-2 tool (n = 14), we found low risk of bias across all categories except

for reference standards (unclear risk, n = 6) (S4A Table). Cohort studies (n = 13) had an aver-

age risk of bias in the comparability category (1-star, n = 7) (S4B Table). Similarly, cross-sec-

tional studies (n = 41) also had an average risk of bias in the comparability category (1-stars,

n = 12) (S4C Table). One case-control study had an overall poor risk of bias score across all
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categories. Finally, RoB2 tool was used for one qualitative RCT study wherein low risk for all

domains was observed except for the selection of reported result domain.

Discussion

This review demonstrates that COVIDST strategies are effective in screening SARS-CoV-2

infections. Self-testing reported a faster TAT to test result compared to conventional testing,

and can be safely used in outbreak settings, prevent institutional closures, and reduce further

transmission in occupational settings.

Diagnostic accuracy and caveats

Our meta-analyses demonstrated very high specificity and above average sensitivity of COV-

IDST strategies. Specificity for COVIDST (across all tests) was consistently above 98% regard-

less of different subgroups. Specificity is computed by calculating all true negatives (TN)/true

negatives (TN) and false positives (FP). If the specificity is high, and the person is asymptom-

atic, we can be certain that the false positives are low.

In contrast, sensitivity for COVIDST varied across subgroups; highest sensitivities were

reported for: a) mid-turbinate nasal specimens (77.79%, 95% CI: 56.03%-90.59%), b) tests con-

duct in supervised settings (86.67%, 95% CI: 59.64%-96.62%), c) symptomatic individuals

(73.91%, 95% CI: 68.41%-78.75%), and d) digital COVIDST (70.15%, 95% CI: 50.08%-

84.63%).

Sensitivity is computed by reporting true positives (TP)/true positives (TP) plus false nega-

tives (FN). With that, if false negatives increase, sensitivity drops. In symptomatic individuals,

highest sensitivities were reported within the first 5 days of symptom onset. In contrast, for

asymptomatic individuals, sensitivities were consistently low (40.18%).

Additionally, sensitivities were higher when CT value was lower or equal to 25. This is an

important feature to note when sharing information on self-tests. Variance in sensitivities

based on CT values show that self-tests can detect infections most accurately with peak viral

loads and contagiousness. These findings highlight that the value of self-testing lies in the

rapid identification and prompt isolation of highly contagious individuals compared to

RT-PCR positive tests. A median PCR positivity period of 22–33 days gives a positive test result

in the presence of viral particles that persist even after resolution of infection.

Comparatively, most false negative self-test results occur when individuals are outside the

transmissibility window [84]. If a COVIDST result is negative but an RT-PCR test result is pos-

itive, it is likely that the individual is not very infectious and may not pose a public health

threat [84].

As for test devices used, some devices performed consistently as per WHO–for example,

the Boson SARS-CoV-2 antigen test card, Biosynex, Standard Q at-home test, and MP Bio–

while others did not (S3 Table). Regarding strains, in the two studies that evaluated COVIDST

performance by variants, we noted no difference in sensitivities for either the delta or the omi-

cron strain pre-dominant periods. This is reassuring for future strains of the virus. Due to con-

cerns regarding sensitivity of COVIDST, the FDA released guidelines on serial testing using

rapid antigen tests. We were unable to find diagnostic studies reporting data on serial self-test-

ing, therefore, a knowledge gap remains. However, in one study, we found that two rapid anti-

gen tests in symptomatic populations taken 48 hours apart increased sensitivity to 93.4%. In

asymptomatic populations, testing twice 48 hours apart increased the sensitivity to 62.7%

while testing thrice increased it to 79% [85]. This is in line with FDA’s guidelines on the usage

of serial testing to reduce the risk of false negative tests [86]. The same could be applied to

serial self-testing to improve its sensitivity.
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Interpreting sensitivity and specificity is challenging at the population level, especially due

to wide range of sensitivities in different populations and settings. Therefore, messaging

regarding interpretation is crucial for populations seeking to implement or use these self-tests.

Our results show lower COVIDST sensitivity reported was due to unclear instructions for use,

inadequate pre-test training, incorrect test conduct, non-adherence to instructions, and diffi-

culties in interpreting faint positive test lines. To improve COVIDST performance, diagnostic

companies need to design self-test kits with consideration for low-literacy, rural, peri-urban

and senior populations. Self-test instructions for conduct and interpretation must be detailed,

comprehensive, and provided in layman terms. In areas with high digital literacy and data con-

nectivity, video-based instructions and virtual pre-test training sessions can be provided.

DORs were consistently high for all subgroups. Highest DOR was observed for supervised

self-testing albeit with wide interval ranges. As DOR is calculated using both sensitivity and

specificity values, a high DOR in subgroups with low sensitivity (e.g., asymptomatic popula-

tions) was found due to the high specificity across all subgroups. As a result, we weren’t able to

use DORs for further analyses and interpretation of diagnostic accuracy results.

Secondary and tertiary outcomes

COVIDST screening strategies offer benefits in pandemic settings, when accessibility to labo-

ratory testing is very limited, and timely test results are of the essence. Our results show that

COVIDST strategies consistently reported a rapid TAT, were overall highly acceptable, highly

feasible, and convenient to populations around the world. Their usability index was at 100%

with additional digital supports. These supports included video-based or app-based instruc-

tions, highlighting the potential of digital COVIDST.

Our results are consistent with the interim guidance on self-testing provided by WHO,

which found self-testing acceptable, feasible, and easy to use by laymen; however, our results

are updated and include data that can serve WHO to adapt their guidance. These results were

also very similar to the proven benefits that have been demonstrated with HIV self-testing

[87].

Despite established COVID-19 nucleic acid amplification testing (NAAT) surveillance sys-

tems in many countries, COVIDST became an important screening and decision-making tool

for individuals during the peak of the pandemic [88]. Our results show that regular COVIDST

was instrumental in impacting onward transmission that stemmed from the pandemic. This

impact was demonstrated in reducing school closures, resuming in-person education, and

allowed attendees to safely attend social events. Healthcare workers were able to treat patients

while monitoring themselves, thereby reducing the risk of nosocomial infections.

Serial testing during the pandemic, especially in high exposure jobs, allowed essential work-

ers to resume work without the fear of losing jobs and pay and laboratories were able to remain

operational. Participants were willing to report results, adhere to self-isolation guidelines, and

seek confirmatory testing following a positive self-test result. Periodic self-testing reduced anx-

iety and created an environment of safety and reassurance when resuming normal activities.

Although serial self-testing may have higher diagnostic accuracy and demonstrated a high

impact, a lower acceptability and preference was noted as compared to single use self-testing

in the general population. Unclear understanding of the importance of serial self-testing, a

lack of convenience and the increased effort and time commitment involved to test repeatedly

and notify authorities may be reasons for a lower acceptability. Guidance on adapting testing

frequencies based on infection prevalence in the community and epidemiologic burden must

be provided to self-testers to reduce unnecessary testing as well as increase acceptability.

Engaging the community and emphasizing on the importance of serial self-testing may also
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prove beneficial. Additionally, if the guidelines require serial testing but the costs of tests are

high, this reduces the willingness to repeat test themselves even in the presence of symptoms.

Overall, participants were motivated to use COVIDST strategies to know their infection sta-

tus, resume daily activities, protect their loved ones, and exercise caution while attending large

gatherings. Motivations and preference for COVIDST over lab-based testing increased with a

higher SES and in urban areas.

Inequitable access to self-tests in ethnic minorities with a lower SES was observed. This

alludes to inequity in distribution of self-tests that was largely restricted to those with

resources. This pattern could be changed for future pandemics by reducing the unit price of

self-tests and public procurement of tests for large scale use.

Evidence on COVIDST parallels the vast evidence that has accumulated for HIVST.

Both viruses have paved the way for a greater use of self-testing solutions to know serosta-

tus, and by increasing accessibility offered by these solutions during the pandemic, have made

self-tests a common household name. This strategy holds promise for many infectious patho-

gens and pandemics in the near future.

Strengths and limitations

To our knowledge, ours is the first comprehensive and updated systematic review and meta-

analysis on COVIDST. Although WHO released COVIDST guidelines, data on diagnostic

accuracy then were scarce, therefore a meta-analyses could not be performed. Additionally,

these guidelines were based on studies published before February 2022 while our updated

review contains recent studies (upto 2023) that complement prior publications and guidance.

Our review and meta-analysis are based on observational data. With a few RCTs on self-

testing underway, new data will soon become available which we plan to include in a subse-

quent analyses of our living systematic review [89, 90]. We were unable to obtain complete

data from study authors for a few diagnostic accuracy studies, so these studies were not

included in our meta-analyses.

Most of our data are from HICs (n = 63), making our results difficult to generalize to

LMICs. Although we have limited data on diagnostic accuracy and implementation of COV-

IDST in such settings, we were able to analyze some information on acceptability, feasibility,

preference, willingness to utilize COVIDST, and barriers to COVIDST. Finally, no studies

were reported with highly accurate molecular rapid COVIDST based strategies [91].

Implication for product development and research

Publicly distributed self-tests can guarantee widespread accessibility but should be imple-

mented with evidence-based strategies to improve test conduct and result interpretation.

Checks for counterfeit test kits are necessary and regulating the sales of COVIDST kits can

help improve public confidence in self-testing.

Public health sector and not-for-profit organizations along with healthcare facilities and

pharmacies can increase access to self-tests by free-of-cost, widespread distribution of kits in

urban and rural areas.

A strong and connected reporting system must be implemented by local authorities to

avoid underestimating the true burden of infections. Future research can explore COVIDST

diagnostic performance with digitally connected platforms, apps, test readers, and systems to

report message notification and linkage to care. Data from clinical trials are needed to fill the

gaps in evidence from LMICs.
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Conclusion

Self-testing complements conventional testing in the pandemic setting with its speed and effi-

ciency when timing is of the essence. Our review demonstrates that COVIDST is a convenient

and effective strategy for screening infections when used by the general population.

In symptomatic populations, in supervised settings with guided instructions, and with the

addition of digital supports, self-tests improved in their performance. COVIDST had a high

usability threshold, impacted institutional closures, and reported results notification where

reporting systems were in place. However, data from LMICs were limited due to scarcity of

self-testing.

Digital COVIDST is promising, and additional data will help improve accuracy and trust.

Our results can aid policymakers, government bodies, and healthcare systems in updating

their policies, and organizations aimed at integrating serial COVIDST strategies in their health

ecosystems. COVIDST can alleviate the impact of the COVID-19 pandemic across all global

settings and their widespread availability will help address global health inequities.

Both HIVST and COVIDST have demonstrated the impact that self-tests can have in

empowering lay individuals to know their serostatus and in preventing forward transmission.

This approach holds promise for the many self-tests for related pathogens and use of similar

strategies can aid in ending future waves of related pandemics.
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