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IMPORTANCE As self-collected home antigen tests become widely available, a better
understanding of their performance during the course of SARS-CoV-2 infection is needed.

OBJECTIVE To evaluate the diagnostic performance of home antigen tests compared with
reverse transcription–polymerase chain reaction (RT-PCR) and viral culture by days from
illness onset, as well as user acceptability.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study was conducted from
January to May 2021 in San Diego County, California, and metropolitan Denver, Colorado. The
convenience sample included adults and children with RT-PCR–confirmed infection who used
self-collected home antigen tests for 15 days and underwent at least 1 nasopharyngeal swab
for RT-PCR, viral culture, and sequencing.

EXPOSURES SARS-CoV-2 infection.

MAIN OUTCOMES AND MEASURES The primary outcome was the daily sensitivity of home
antigen tests to detect RT-PCR–confirmed cases. Secondary outcomes included the daily
percentage of antigen test, RT-PCR, and viral culture results that were positive, and antigen
test sensitivity compared with same-day RT-PCR and cultures. Antigen test use errors and
acceptability were assessed for a subset of participants.

RESULTS This study enrolled 225 persons with RT-PCR–confirmed infection (median [range]
age, 29 [1-83] years; 117 female participants [52%]; 10 [4%] Asian, 6 [3%] Black or African
American, 50 [22%] Hispanic or Latino, 3 [1%] Native Hawaiian or Other Pacific Islander, 145
[64%] White, and 11 [5%] multiracial individuals) who completed 3044 antigen tests and 642
nasopharyngeal swabs. Antigen test sensitivity was 50% (95% CI, 45%-55%) during the
infectious period, 64% (95% CI, 56%-70%) compared with same-day RT-PCR, and 84%
(95% CI, 75%-90%) compared with same-day cultures. Antigen test sensitivity peaked 4
days after illness onset at 77% (95% CI, 69%-83%). Antigen test sensitivity improved with a
second antigen test 1 to 2 days later, particularly early in the infection. Six days after illness
onset, antigen test result positivity was 61% (95% CI, 53%-68%). Almost all (216 [96%])
surveyed individuals reported that they would be more likely to get tested for SARS-CoV-2
infection if home antigen tests were available over the counter.

CONCLUSIONS AND RELEVANCE The results of this cohort study of home antigen tests suggest
that sensitivity for SARS-CoV-2 was moderate compared with RT-PCR and high compared
with viral culture. The results also suggest that symptomatic individuals with an initial
negative home antigen test result for SARS-CoV-2 infection should test again 1 to 2 days later
because test sensitivity peaked several days after illness onset and improved with repeated
testing.
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A ntigen tests for SARS-CoV-2 provide rapid, low-cost re-
sults and are approved for use outside of clinical set-
tings. They may improve the availability, acceptabil-

ity, and timeliness of SARS-CoV-2 diagnostic testing. Multiple
studies have evaluated the sensitivity and specificity of anti-
gen tests compared with real-time reverse transcription–
polymerase chain reaction (RT-PCR).1,2 However, to our knowl-
edge, few studies have examined how antigen test performance
varies during the course of infection.3 To address this ques-
tion, we evaluated daily use of a self-collected home antigen
test compared with RT-PCR and viral culture in adults and chil-
dren enrolled in a household transmission investigation.

Methods
Study Design and Oversight
Working with local and state health departments, the US Cen-
ters for Disease Control and Prevention (CDC) conducted a pro-
spective household transmission investigation in San Diego
County, California (January 18, 2021, to April 14, 2021) and met-
ropolitan Denver, Colorado (March 22, 2021, to April 30, 2021),
as previously described.4 This investigation was reviewed by
CDC and was conducted according to applicable federal law
and CDC policy (eg, 45 CFR part 46, 21 CFR part 565; 42 USC
§241(d); 5 USC §552a; and 44 USC §3501 et seq6). The CDC de-
termined that this investigation was a public health emer-
gency response; as such, institutional review board review and
informed consent were not required. The study followed the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline for cohort studies.7

We recruited a convenience sample of individuals with re-
cent RT-PCR–confirmed SARS-CoV-2 infection and their house-
hold members of all ages. Household members were defined
as any individual who stayed 1 night or longer in the same resi-
dence during the infectious period (2 days before illness on-
set through 10 days afterward)8 of the earliest case in the house-
hold. Illness onset was defined as the symptom onset date or,
if asymptomatic, the sample collection date of the first posi-
tive RT-PCR test result.8 Households were enrolled within 10
days of illness onset of the earliest case in the household.

Enrolled households were followed for 15 days. With ques-
tionnaires, we collected demographic information, including
self-reported sex, race, and ethnicity, medical history, and vac-
cination history for each participant. Following federal gov-
ernment standards, participants self-reported Hispanic or La-
tino ethnicity and 1 or more races, and investigators categorized
responses into the following categories: American Indian or
Alaska Native, Asian, Black or African American, Hispanic or
Latino, Native Hawaiian or Other Pacific Islander, White, or
multiracial.9 All participants recorded daily symptoms dur-
ing their 15-day enrollment period using a standardized form.
Caregivers assisted young children with questionnaires and
forms.

SARS-CoV-2 Testing
At enrollment, participants were offered home antigen tests
that detect the SARS-CoV-2 nucleocapsid (N) protein using a

lateral flow immunoassay (QuickVue At-Home OTC COVID-19
Test; Quidel Corporation), which received emergency use au-
thorization from the US Food and Drug Administration on
March 31, 2021, during the investigation. Participants were
asked to perform 1 antigen test daily, regardless of symp-
toms. Participants were given 15 antigen test kits and printed
instructions from the manufacturer (available in English and
Spanish).10 Participants reviewed the instructions, self-
collected anterior nasal swabs, and interpreted the antigen test
results without guidance from investigators. At the discre-
tion of caregivers, children either self-collected or were as-
sisted in collecting nasal swabs and testing. Each day, imme-
diately after testing, participants emailed a photograph of the
antigen test strip and their interpretation of the result to in-
vestigators, who recorded their own interpretation. For a sub-
set of households in Colorado, investigators observed partici-
pants perform their first antigen test and documented errors
using a standardized form (eTable 1 in Supplement 1). All Colo-
rado households were asked to complete a short survey on the
last day that assessed the acceptability of home antigen test-
ing (eTable 1 in Supplement 1).

Nasopharygneal (NP) swabs for RT-PCR and viral culture
were collected by trained health care professionals from all par-
ticipants at enrollment and 14 days later, regardless of symp-
tom status. A subset of participants consented to undergo ad-
ditional daily NP swabs for 7 days after enrollment. When a
previously uninfected household member became sympto-
matic or had a newly positive home antigen test result, an ad-
ditional NP swab was collected from all participating house-
hold members. All NP swabs were tested at a public health
laboratory for SARS-CoV-2 ribonucleic acid by RT-PCR (Taq-
Path COVID-19 Combo Kit11 in Colorado; PerkinElmer New
Coronavirus Nucleic Acid Detection Kit12 in California). Par-
ticipants were notified of their RT-PCR results within 1 to 2 days
of collection. Genome sequencing was performed for NP speci-
mens with a positive RT-PCR result and N gene cycle thresh-
old (Ct) value of less than 35. California specimens were se-
quenced at CDC,13 and Colorado specimens were sequenced
at Colorado Department of Public Health and Environment as
previously described.14 The SARS-CoV-2 lineages were as-
signed using pangolin (https://github.com/cov-lineages/

Key Points
Question How does the diagnostic performance of home antigen
tests change during the course of SARS-CoV-2 infection?

Findings In this prospective cohort study of 225 adults and
children with reverse transcription–polymerase chain reaction
(RT-PCR)–confirmed SARS-CoV-2 infection, antigen test sensitivity
was 64% and 84% when compared with same-day RT-PCR and
viral culture, respectively. Antigen test sensitivity peaked 4 days
after illness onset (77%); a second test 1 to 2 days later showed
improved sensitivity (81%-85%).

Meaning The study results suggest that symptomatic individuals
with an initial negative home antigen test result for SARS-CoV-2
infection should test again 1 to 2 days later because test sensitivity
seems to peak several days after illness onset.
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pangolin). The NP specimens that were RT-PCR positive with
an N gene Ct value of less than 32 were cultured as described
previously.15,16 The NP specimens with an RT-PCR Ct value of
32 or greater were presumed to be culture-negative based on
previous studies.17,18

Data Analysis
All participants who completed at least 1 home antigen test were
included in analyses. We defined a case as a person with RT-PCR–
confirmed SARS-CoV-2 infection (confirmatory laboratory crite-
ria for COVID-19 in the Council of State and Territorial Epidemi-
ologists case definition19) and illness onset within 10 days before
or during the enrollment period. We defined symptomatic cases
asindividualswhoreportedsymptomsconsistentwiththeCoun-
cil of State and Territorial Epidemiologists clinical criteria for
COVID-19 at any point during their illness. We defined a noncase
as a person who only had negative RT-PCR results during the in-
vestigation.Whensequencingofaspecimencollectedfromapar-
ticipant with RT-PCR–confirmed infection was not successful, we
assumed that the individual was infected by their household
member and shared the same SARS-CoV-2 lineage. For all analy-
ses, we excluded invalid, indeterminant, and missing test results.
Partial data contributed by participants who were lost to follow-
up were included.

Among cases, we calculated the daily percentage of posi-
tive home antigen tests, RT-PCR tests, and viral cultures by days
from illness onset. The percentage of positivity for viral cul-
ture was defined as the number of positive cultures divided
by the total number of NP specimens collected. The daily per-
centage of positive antigen tests was also examined by symp-
tom status and vaccination status.

We calculated the sensitivity of the antigen test com-
pared with 3 reference standards: (1) positive case status; (2)
a positive RT-PCR test result collected the same day; and (3) a
positive viral culture collected the same day. We repeated these
calculations for subgroups defined by age, symptom status,
vaccination status, and SARS-CoV-2 lineage. In addition, we
calculated the overall specificity of home antigen tests among
noncases.

To determine if serial antigen testing was associated with
increased sensitivity, we compared the sensitivity of 3 anti-
gen testing protocols: a single test (protocol 1), 2 tests on con-
secutive days (protocol 2), and 2 tests spaced 2 days apart (pro-
tocol 3). For these calculations, the reference standard was
positive case status.

For the percentage of positivity, sensitivity, and specific-
ity estimates, we calculated 95% confidence intervals with Wil-
son score intervals, a standard method for estimating confi-
dence intervals for binomial proportions.20 For analyses that
pooled repeated tests from the same participant, we adjusted
confidence intervals for potential intraparticipant correla-
tion using cluster-robust standard errors.

We calculated the concordance between the participant and
investigator interpretations of the home antigen result, as well
as the Cohen κ coefficient to account for concordance by chance.
We calculated frequencies of observed user errors and responses
to questions about the acceptability of home antigen tests. We
compared the concordance of antigen and RT-PCR test results be-

tween households with and without observed errors using the
Pearsonχ2 test.StatisticalanalyseswereperformedwithSAS,ver-
sion 9.4 (SAS Institute), and Stata, version 16.1 (StataCorp).
P< .05 was considered statistically significant.

Results
Among552individualsfrom151householdsenrolledinthehouse-
hold transmission investigation, 225 individuals (41%) from 107
households had RT-PCR–confirmed SARS-CoV-2 infection and
completedatleast1homeantigentest(eFigure1inSupplement1).
Among these 225 cases, the median age was 29 years (range, 1-83
years); 117 (52%) were female and 205 (91%) were symptomatic
(Table). Four of the 225 cases (2%) were hospitalized during their
illness. Of the 225 cases, 194 (86%) had never received a COVID-
19vaccine.ThemostcommonSARS-CoV-2lineagesdetectedwere
Alpha (B.1.1.7) (126 of 225 cases [56%]), Epsilon (B.1.427/B.1.429)
(35 of 225 [16%]), and Gamma (P.1) (8 of 225 [4%]); Alpha, Epsi-
lon, and Gamma were the only variants of concern detected. Lin-
eage was unknown for 17 of 225 cases (8%).

The 225 enrolled cases contributed 3044 home antigen
tests and 642 NP swabs, including 593 pairs of antigen tests
and NP swabs that were performed on the same date (eTable 2
in Supplement 1). Cases self-collected a median of 15 home an-
tigen tests (IQR, 14-15; range, 1-17). We collected a median of 2
NP swabs (IQR, 2-3; range, 1-10) from each case, and 23 cases
(10%) underwent daily NP swabs for 7 additional days follow-
ing enrollment.

The daily positivity during the infectious period of cases
peaked at 95% for RT-PCR tests (3 days after illness onset), 77%
for antigen tests (4 days after illness onset), and 64% for viral
cultures (2 days after illness onset) (Figure 1). The daily posi-
tivity decreased more quickly for the antigen test and culture
compared with RT-PCR. Six days after illness onset, when
people with mild or asymptomatic SARS-CoV-2 infection may
discontinue isolation according to current CDC guidance,21 RT-
PCR positivity was 86%, antigen test positivity was 61%, and
culture positivity was 36%. At 11 days after illness onset, when
most individuals are no longer considered infectious, RT-
PCR positivity remained high (86%), while antigen test posi-
tivity and culture positivity were low (16% and 9%, respec-
tively). Of 76 NP specimens obtained 11 to 14 days after illness
onset, only 1 (1%) was culture positive. Home antigen test posi-
tivity peaked 3 days after illness onset at 80% for sympto-
matic cases and 50% for asymptomatic cases (Figure 2A). Home
antigen test positivity was consistently higher for cases who
were not vaccinated compared with those who received at least
1 vaccine dose before infection (Figure 2B).

Overall sensitivity of home antigen tests for detecting cases
was 50% (95% CI, 45%-55%) (Figure 3), whereas specificity was
97% (95% CI, 95%-98%). Sensitivity was higher for sympto-
matic cases (53%; 95% CI, 48%-57%) compared with asymp-
tomatic cases (20%; 95% CI, 10%-35%) and varied by lineage
(Epsilon, 70%; Alpha, 49%; Gamma, 42%; other, 51%)
(Figure 3). The sensitivity of antigen tests was 64% (95% CI,
56%-70%) compared with RT-PCR tests collected on the same
day and 84% (95% CI, 75%-90%) compared with viral cul-
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tures collected on the same day. The sensitivity of antigen tests
compared with same-day cultures was 85% for symptomatic
cases, 87% for unvaccinated cases, and between 81% to 90%
for all identified SARS-CoV-2 lineages. For asymptomatic cases,

the sensitivity of antigen tests compared with same-day cul-
tures was 33% (95% CI, 6%-80%). An increase in RT-PCR Ct
values from same-day NP specimens was associated with a de-
crease in antigen test sensitivity (eFigure 2 in Supplement 1).

The frequency and timing of home antigen testing af-
fected the sensitivity to detect cases. During the first 3 days
after illness onset, performing 2 antigen tests 2 days apart (pro-
tocol 3) was more sensitive than administering 2 tests on con-
secutive days (protocol 2) and a single test (protocol 1)
(Figure 4). Both serial testing protocols (protocols 2 and 3) re-
mained more sensitive than a single test (protocol 1) through-
out the 14 days after illness onset, with the largest differ-
ences in the first 3 days. Protocol 3 saw the highest peak
sensitivity (85%) compared with protocols 2 (81%) and 1 (77%).

Among 2808 antigen tests for which the participant and
investigator recorded an interpretation (positive, negative, or
invalid), 2761 interpretations (98%) were concordant (Cohen
κ, 0.96; 95% CI, 0.95-0.97) (eTable 4 in Supplement 1). Of 48
households that were observed, 24 (50%) had at least 1 house-
hold member who did not use the antigen test according to
manufacturer instructions when collecting their first antigen
test at enrollment. Errors observed included not placing the
swab or test strip in the provided solution for the full time in-
dicated (n = 11), contamination of the nasal swab before use
(n = 9), and improper swabbing technique (n = 8). Concor-
dance between the antigen test and RT-PCR results at enroll-
ment from households with observed errors was similar to
households without observed errors (72% vs 66%; P = .54). Al-
most all participants surveyed reported no difficulties collect-
ing the nasal swabs (264 of 277 [95%]) and that they would be
more likely to get tested for SARS-CoV-2 infection if the home
antigen test were available over the counter (261 of 271 [96%]).
No adverse events were reported during home antigen test-
ing or collection of NP specimens.

Discussion
In this prospective cohort study of 225 adults and children with
RT-PCR–confirmed SARS-CoV-2 infection who were ob-
served for 15 days, home antigen test sensitivity peaked 4 days
after illness onset. Sensitivity improved when a second anti-
gen test was performed 1 to 2 days later, particularly early in
the illness course. More than half of those who performed an-
tigen tests on day 6 of illness had positive test results, but by
day 11, fewer than one-fifth had positive test results. Home an-
tigen tests were moderately sensitive compared with RT-PCR
but highly sensitive compared with viral culture. With the
widespread availability, ease of use, and rapid turnaround time,
home antigen tests may increase testing in populations with
barriers to testing in other settings and facilitate identifica-
tion and isolation of cases.

The overall sensitivity of the home antigen test during the
infectious period was 50%. This sensitivity was within the 34%
to 88% range that was reported in a Cochrane review of other
rapid, point-of-care SARS-CoV-2 antigen tests,1 but it was less
than the 80% target set by the World Health Organization for
point-of-care tests.22 Self-collection did not have a negative

Table. Characteristics of Participants With RT-PCR–Confirmed
SARS-CoV-2 Infection Who Completed at Least 1 Home Antigen Test

Characteristic Participants, No. (%)a

No. 225

Age, median (range), y 29 (1-83)

Age group, y

<12 39 (17)

12-17 41 (18)

18-49 119 (53)

≥50 26 (12)

Sex

Female 117 (52)

Male 108 (48)

Race and ethnicityb

Hispanic or Latino, any race 50 (22)

Non-Hispanic

American Indian or Alaska Native 0

Asian 10 (4)

Black or African American 6 (3)

Native Hawaiian or Other Pacific Islander 3 (1)

White 145 (64)

Multiracial 11 (5)

Symptomaticc 205 (91)

COVID-19 vaccination statusd

Not vaccinated 194 (86)

Received at least 1 vaccine dose 31 (14)

SARS-CoV-2 lineagee

B.1.1.7 (Alpha) 126 (56)

B.1.427 or B.1.429 (Epsilon) 35 (16)

P.1 (Gamma) 8 (4)

Other lineages 39 (17)

Unknown 17 (8)

Abbreviations: NP, nasopharyngeal; RT-PCR, reverse transcription-polymerase
chain reaction.
a Percentages may not add to 100% owing to rounding.
b Self-reported by participants; responses were categorized by investigators

following federal government standards.9

c Participants were considered symptomatic if they reported symptoms that
fulfilled the clinical criteria for COVID-19 adopted by the Council of State and
Territorial Epidemiologists on August 5, 2020 (https://ndc.services.cdc.gov/
case-definitions/coronavirus-disease-2019-2020-08-05/). Symptoms were
captured via the enrollment questionnaire and daily symptom questionnaires
during the 15-day enrollment period.

d Vaccination status was assigned at the start of the infectious period of the
case. If the case was symptomatic, the start of the infectious period was 2 days
before symptom onset; if asymptomatic, it was the collection date of the first
positive SARS-CoV-2 RT-PCR test result.

e Forty-two individuals did not have an NP specimen that was able to be
sequenced. Of these 42 individuals, 25 (60%) lived with a household member
who had an NP specimen that was successfully sequenced; we assumed that
these individuals were infected with the same SARS-CoV-2 lineage as their
household members. Seventeen individuals (40%) did not have a household
contact with a successfully sequenced specimen and were categorized as
unknown. No enrolled households had more than 1 lineage detected.
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association with the overall sensitivity of the home antigen
tests. Although antigen test use errors were commonly ob-
served, the errors were not associated with reduced test ac-
curacy. Similarly, another study found that even with errors
in self-testing, the sensitivity of self-collected antigen tests was
comparable with professionally collected antigen tests.23

Rather, the low overall sensitivity in this study may be asso-
ciated with daily testing over a long period; many antigen test
results that contributed to the overall sensitivity calculation

were obtained late in illness, when the infection may have
cleared. Compared with a positive same-day RT-PCR and same-
day viral culture, antigen test sensitivity was higher.

Similar to other studies on antigen test performance,3,24-26

wefoundthattheantigentestsensitivitywashigheramongsymp-
tomatic persons and earlier during the illness course. Antigen test
positivity was lower before and on the day of illness onset. This
is notable, as SARS-CoV-2 transmission often occurs before and
during the first few days following symptom onset.27-29 Serial an-

Figure 1. Daily Percentage of Positive SARS-CoV-2 Tests in Participants
With Reverse Transcription–Polymerase Chain Reaction (RT-PCR)–Confirmed Infection
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Figure 2. Daily Percentage of Positive Home Antigen Tests by Symptom Status and Vaccination Status
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tigen tests spaced 1 to 2 days apart were associated with greatly
improved sensitivity, particularly if the first test was performed
aroundthetimeofillnessonset.Aswithanydiagnostictest,nega-
tive antigen test results should be interpreted within the context
of estimated pretest probability, which should incorporate symp-
toms,knownexposures,andcommunityincidenceofSARS-CoV-
2.Inparticular, individualswithahighpretestprobabilityofSARS-
CoV-2 infection and initial negative home antigen test result
should consider repeating an antigen test in 1 to 2 days or obtain-
ing a confirmatory RT-PCR.

In addition to expanding diagnostic capabilities, antigen
tests could also help optimize the duration of isolation. Re-
verse transcription–polymerase chain reaction detects small
amounts of SARS-CoV-2 nucleic acid fragments and can re-
main positive well after illness recovery.30-33 For this reason,
CDC no longer recommends an RT-PCR test–based strategy to
end isolation for most patients.21 At present, CDC guidance al-
lows for antigen tests to be used toward the end of the 5-day
isolation period for individuals with infection; if positive, iso-
lation should be continued for 10 days.34 In the present study,
more than half of individuals with infection who tested on day
6 still had positive results on home antigen tests and would
be recommended to remain isolated; however, by day 11, fewer
than one-fifth had positive test results. These findings sup-
port the current CDC recommendation for strict use of face

masks in settings with other people and continued isolation
from unvaccinated or immunocompromised individuals
through 10 days after illness onset.

These findings suggest that antigen test performance may
differ in vaccinated vs unvaccinated individuals and be-
tween SARS-CoV-2 lineages. Viral load dynamics differ by vi-
ral lineage,35-38 and fully vaccinated persons with infection
demonstrate accelerated viral clearance.39 Although this in-
vestigation occurred before the emergence of the Omicron
(B.1.1.529) lineage, a recent study with 731 participants found
that antigen tests continue to perform well with Omicron
infections.40 However, as most of the US population has now
received a COVID-19 vaccine or been infected with
SARS-CoV-2,41 further studies should better assess the perfor-
mance of antigen tests in vaccinated persons and those with
natural immunity.

Limitations
This study had limitations. The findings are limited to the SARS-
CoV-2 lineages that were circulating at the time of the inves-
tigation. Participants were primarily non-Hispanic White,
younger, and unvaccinated; thus, they are not representative
of the entire US population. Most participants were sympto-
matic and household contacts of a known COVID-19 case.
Therefore, results may not be generalizable for use of home

Figure 3. Sensitivity of Home Antigen Tests Compared With 3 Reference Standards
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antigen tests to screen individuals who are asymptomatic or
without a known exposure to SARS-CoV-2. Almost all symp-
tomatic cases experienced mild disease, so diagnostic perfor-
mance for severe disease could not be assessed. Not all speci-
mens were sent for culture; some specimens that were assumed
to be culture negative based on Ct values and prior studies may
have been misclassified. As we did not collect daily NP speci-
mens for all participants, we had fewer data for RT-PCR and
viral cultures; the confidence intervals for calculations involv-
ing these tests are thus wider than those that involved only
home antigen tests.

Conclusions

In this cohort study of 225 adults and children with RT-PCR–
confirmed SARS-CoV-2 infection, home antigen test sensitiv-
ity for SARS-CoV-2 was moderate compared with RT-PCR and
high compared with viral culture. Sensitivity peaked several
days after illness onset and improved with repeated testing.
These findings suggest that symptomatic individuals with an
initial negative home antigen test result should test again 1 to
2 days later.
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