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Background: It is important to document the performance of
rapid antigen tests (Ag-RDTs) in detecting SARS-CoV-2 variants.

Objective: To compare the performance of Ag-RDTs in detect-
ing the Delta (B.1.617.2) and Omicron (B.1.1.529) variants of
SARS-CoV-2.

Design: Secondary analysis of a prospective cohort study
that enrolled participants between 18 October 2021 and 24
January 2022. Participants did Ag-RDTs and collected sam-
ples for reverse transcriptase polymerase chain reaction (RT-
PCR) testing every 48 hours for 15 days.

Setting: The parent study enrolled participants throughout
the mainland United States through a digital platform. All par-
ticipants self-collected anterior nasal swabs for rapid antigen
testing and RT-PCR testing. All Ag-RDTs were completed at
home, whereas nasal swabs for RT-PCR were shipped to a
central laboratory.

Participants: Of 7349 participants enrolled in the parent study,
5779 asymptomatic persons who tested negative for SARS-CoV-2
on day 1 of the study were eligible for this substudy.

Measurements: Sensitivity of Ag-RDTs on the same day as
the first positive (index) RT-PCR result and 48 hours after the
first positive RT-PCR result.

Results: A total of 207 participants were positive on RT-PCR
(58 Delta, 149 Omicron). Differences in sensitivity between

variants were not statistically significant (same day: Delta,
15.5% [95% CI, 6.2% to 24.8%] vs. Omicron, 22.1% [CI, 15.5%
to 28.8%]; at 48 hours: Delta, 44.8% [CI, 32.0% to 57.6%] vs.
Omicron, 49.7% [CI, 41.6% to 57.6%]). Among 109 participants
who had RT-PCR–positive results for 48 hours, rapid antigen
sensitivity did not differ significantly between Delta- and Omicron-
infected participants (48-hour sensitivity: Delta, 81.5% [CI, 66.8%
to 96.1%] vs. Omicron, 78.0% [CI, 69.1% to 87.0%]). Only 7.2% of
the 69 participants with RT-PCR–positive results for shorter than
48 hours tested positive by Ag-RDT within 1 week; those with
Delta infections remained consistently negative on Ag-RDTs.

Limitation: A testing frequency of 48 hours does not allow
a finer temporal resolution of the analysis of test perform-
ance, and the results of Ag-RDTs are based on self-report.

Conclusion: The performance of Ag-RDTs in persons infected
with the SARS-CoV-2 Omicron variant is not inferior to that
in persons with Delta infections. Serial testing improved the
sensitivity of Ag-RDTs for both variants. The performance of
rapid antigen testing varies on the basis of duration of RT-PCR
positivity.
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A ccurate and accessible testing for SARS-CoV-2 is a
critical tool for the timely identification of infection

to inform isolation recommendations, prevent transmis-
sion, and facilitate early initiation of therapy to reduce
disease progression (1). Rapid antigen tests (Ag-RDTs)
for COVID-19 show great promise as a testing method
that is easy to use, accessible, and cost-effective (2).
Results from Ag-RDTs are available within minutes of
sample collection, compared with hours to days for results
from reverse transcriptase polymerase chain reaction (RT-
PCR) tests. The U.S. federal government launched a pro-
gram in January 2022 to distribute a half billion Ag-RDTs at
no cost to U.S. residents in an effort to improve the coun-
try's ability to respond to a surge in COVID-19 cases (3).

Rapid antigen tests have lower sensitivity than RT-
PCR tests for detecting SARS-CoV-2 (4); however, sensi-
tivity can be improved through serial testing (5). Existing

data on the performance of Ag-RDTs predate the emer-
gence of the Omicron (B.1.1.529) variant, which has
mutations throughout the SARS-CoV-2 genome. In par-
ticular, mutations in the nucleocapsid gene may lead to
protein conformational changes that affect the target
binding site of Ag-RDTs. This could theoretically alter the
performance of Ag-RDTs in detecting this variant (6–9).
The rapid global emergence and dominance of the
Omicron variant highlight the importance of understand-
ing the performance of Ag-RDTs in real-world settings.
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The urgent need to reassess the performance of Ag-
RDTs in detecting the SARS-CoV-2 Omicron variant is fur-
ther compounded by early reports that Ag-RDTs have
lower sensitivity for the Omicron variant than for other var-
iants (10, 11). Recent reports from analytic studies suggest
that Ag-RDT performance does not vary across the Delta
(B.1.617.2) andOmicron variants; however, previous stud-
ies have not looked at the serial performance of tests or
identification of new-onset infections (12–14). This article
analyzes Ag-RDT performance for detection of the Delta
and Omicron variants of SARS-CoV-2 by comparing the
results of Ag-RDTs versus nasal RT-PCR tests when testing
participants serially every 48 hours.

METHODS

Study Population
This analysis used data collected in the TUAH (Test

Us At Home) study. TUAH is a prospective cohort study
that was done by the National Institutes of Health Rapid
Acceleration of Diagnostics (RADx) program's Clinical
Studies Core; this initiative featured a collaboration
among the National Institutes of Health, the U.S. Food
and Drug Administration, and University of Massachusetts
Chan Medical School. Enrollment occurred from 18
October 2021 to 1 February 2022. Persons older than 2
years residing in any state except Hawaii, Alaska, or
Arizona were eligible for TUAH, provided they had
access to a smartphone and could receive mail at home.
Persons with COVID-19 symptoms in the 14 days before
enrollment or a self-reported positive test result for
COVID-19 in the previous 3 months were excluded from
the study. Study enrollment was self-directed through
the study-specific project under the MyDataHelps app
(CareEvolution). Participants whose first RT-PCR test in
the study had a positive result were excluded from this
analysis to allow us to analyze testing performance in
the context of RT-PCR positivity onset, as were those
who missed a testing period immediately before their
index RT-PCR test with positive results (Figure 1). In
addition, participants without Ag-RDT results within 48
hours of index RT-PCR positivity were excluded.

We defined 4 populations in this study. Population A
included all eligible participants who had an RT-PCR–
positive result. Populations B, C, and D were subsets of
population A, defined by the result of the RT-PCR test
taken within 48 hours of the index RT-PCR test with posi-
tive results, as described in Figure 1: Population B partic-
ipants had a repeated positive result within 48 hours of
the index test, population C had a negative result within
48 hours of the index test, and population D did not
have another RT-PCR test within 48 hours of the index
test either because of nonadherence or the end of the
study period.

The study protocol for the main study was approved
by the University of Massachusetts Chan Medical School
Institutional Review Board and externally by Western
Institutional Review Board. Additional protocol details
for TUAH can be found elsewhere (15).

Study Procedures
On enrollment, participants were assigned to 1 of 3

Ag-RDTs with emergency use authorization (BD Veritor
At-Home COVID-19 Test, Quidel QuickVue At-Home
OTC COVID-19 Test, and Abbott BinaxNOW COVID-19
Antigen Self Test). Participants received the Ag-RDT and
the Quest Diagnostics collection kit for COVID-19 by
mail at the shipping address provided on enrollment.
Participants were asked to self-collect 2 anterior nasal
swabs sampled from both nostrils and use 1 swab to com-
plete the Ag-RDT (at home) and 1 for comparator RT-PCR
testing (shipped to central laboratory) on the same day
roughly every 48 hours for 15 days, as described in
Supplement Table 1 (available at Annals.org). Participants
were instructed to always collect the Ag-RDT sample first
and have at least a 15-minute break before sample collec-
tion for the RT-PCR test. Instructions for the tests, specifi-
cally for self-collecting and shipping the comparator
specimens, were provided as authorized by the Food and
Drug Administration. The RT-PCR assay was based on the
Roche cobas SARS-CoV-2 assay and had emergency use
authorization for use with specimens collected with the
Quest Diagnostics collection kit for COVID-19. For par-
ticipants who tested positive in December or January
and had adequate remnant sample, we did whole-
genome sequencing of SARS-CoV-2 by amplicon-based
next-generation sequencing on extracted RNA. Viral-
specific primer sequences and methods of generating
the viral genome sequence by consensus were adapted
from the ARTIC network.

Variables
The result of an Ag-RDT was based on self-report by

the participant in the MyDataHelps app. The RT-PCR
result was based on laboratory determination and was
considered positive for this analysis if at least 1 of the 2
targets of Roche cobas RT-PCR assays for SARS-CoV-2
was detected. Cycle threshold (Ct) values for the E gene
from RT-PCR were used in analyses to quantify viral load.
Vaccination history and SARS-CoV-2 infection history
were based on self-report using the MyDataHelps app.
Case patients were assigned to the Omicron group on
the basis of a positive RT-PCR result from a sample col-
lected on 1 January 2022 or later and to the Delta group
on the basis of a positive RT-PCR result from a sample
collected before 20 December 2021; these cutoff dates
were based on sequencing results (Supplement Table 2,
available at Annals.org). Participants who tested positive
between 20 and 31 December 2021 were assigned to
their respective group on the basis of the sequencing
results; those without sequencing results in this period
were excluded (Figure 1 and Supplement Table 2).

Statistical Analysis
This is not the prespecified study analysis but was

subsequently developed to address an ancillary research
question using this unique and comprehensive longitudi-
nal data set (15). Specific analysis related to symptomatic
status was not pursued because of overlap with the pri-
mary objectives of the parent study (16). Descriptive
statistics were calculated at the participant level using

ORIGINAL RESEARCH Rapid Antigen Test Performance for Delta vs. Omicron SARS-CoV-2 Variants

2 Annals of Internal Medicine Annals.org

http://www.annals.org
http://www.annals.org
http://www.annals.org


tabulation of frequencies for categorical data, and dif-
ferences were compared using x2 or Fisher exact tests,
depending on the cell sample size. We calculated Ag-
RDT sensitivity at different time points for the different
populations described in Figure 1. The numerator was
based on participants who had at least 1 positive Ag-
RDT result in the corresponding time frame since the
first positive RT-PCR result (same day, within 48 hours,
within 96 hours, or within 1 week). The denominator
was based on total number of eligible participants with
RT-PCR positivity in each population. We also calcu-
lated sensitivity differences for Delta and Omicron.
Corresponding 95% CIs for each proportion were cal-
culated using the delta method that uses Taylor lineari-
zation. All statistical analyses were done using Stata,
version 17.0 (StataCorp).

Role of the Funding Source
This study was funded by the National Institutes of

Health RADx Tech program. The funders assisted with

study design but had no role in data collection or analy-
sis or the decision to submit the findings for publication.

RESULTS

Cohort Characteristics and RT-PCR Test Results
A total of 6039 participants enrolled in the TUAH

study and did home-based testing between 21 October
2021 and 1 February 2022. This analysis was limited to
5779 eligible participants (Figure 1). Data from 45958
participant-days of testing were available from this ana-
lytic sample. During the study period, 207 participants
(58 Delta, 149 Omicron) had an initial positive result on an
RT-PCR test and were classified as population A (Table 1
and Figure 1). Of these participants, 109 (52.6%) had a sub-
sequent positive RT-PCR result within 48 hours of the first
positive result (population B), 69 (33.3%) had a subsequent
negative RT-PCR result within 48 hours (population C), and
29 (14.0%) did not have an RT-PCR test within 48 hours
after their first positive RT-PCR result (population D)

Figure 1. Study flow diagram.

Participants enrolled by 23 January 2022 (n = 7349)

Participants who started testing on or before
1 February 2022 (n = 6039)

Participants (n = 5952)

Participants who tested positive on RT-PCR at least
once (n = 380 [106 Delta, 274 Omicron])

Excluded (n = 87)
   Did not meet inclusion criteria (had COVID-19 <3 mo before): 53
   Tested positive/inconclusive between 20 and 28 December 2021
      without sequencing data: 26
   Never tested using RT-PCR: 3
   Had all invalid Ag-RDT results: 5

Excluded (n = 173)
   Had positive/inconclusive RT-PCR result on first testing day of the
      study: 159 (44 Delta, 115 Omicron)
   Did not have Ag-RDT within 48 h of index positive RT-PCR result: 4
   Missed testing period immediately before index positive PCR result:
      10 (3 Delta, 7 Omicron)

Population A: participants included in this study
(n = 5779 [45 958 testing days])

Participants with first positive RT-PCR result during
the study: 207 (58 Delta, 149 Omicron)

Population B: participants with repeated positive
results on RT-PCR within 48 h from first positive

RT-PCR (n = 109 [27 Delta, 82 Omicron])

Population C: participants with negative results on
RT-PCR within 48 h from first positive RT-PCR

(n = 69 [22 Delta, 47 Omicron])

Population D: participants who did not repeat
RT-PCR within 48 h from first positive RT-PCR

(n = 29 [9 Delta, 20 Omicron])

5779 participants were included in this study, representing 45958 participant-days of testing. 207 participants had a new-onset positive result on RT-
PCR testing (58 Delta and 149 Omicron) (population A). The subanalysis was based on the result of RT-PCR testing 48 h after the initial positive RT-PCR
result (populations B, C, and D). Ag-RDT= rapid antigen test; RT-PCR= reverse transcriptase polymerase chain reaction.
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(Supplement Table 3, available at Annals.org). The pro-
portion of persons with singleton positive results on
RT-PCR (population C) was similar among participants
infected with the Delta (37.9%) and Omicron (31.5%)
variants (P= 0.54). Slightly more participants who tested
positive on RT-PCR (population A) were unvaccinated
during the Omicron period (34.9%) than during the
Delta period (22.4%); however, this was not statistically
significant (P= 0.056).

Time FromRT-PCR Positivity to Ag-RDT
Positivity AmongDelta and Omicron Variants

Among the 207 participants in population A whose
index positive result on an RT-PCR test was observed dur-
ing the study period, the sensitivity of Ag-RDTs was 20.3%
(95% CI, 14.8% to 25.8%) on the day of the index test and
55.1% (CI, 48.3% to 61.8%) within 48 hours afterward
(Table 2 and Figure 2). The proportions of Omicron- and
Delta-infected participants who were Ag-RDT–positive on
the same day, within 48 hours, within 96 hours, and within
a week of the index positive RT-PCR result did not differ
significantly.

Among participants with at least 2 sequential positive
results on RT-PCR tests (population B), 78.9% (CI, 71.2%
to 86.6%) and 89.9% (CI, 84.3% to 95.6%) were Ag-RDT–
positive within 48 and 96 hours, respectively, from first
RT-PCR positivity. Of the 107 participants who were seri-
ally positive on RT-PCR for at least 48 hours, similar pro-
portions of Omicron- and Delta-infected participants
tested positive on Ag-RDTs within 48 hours from the first
positive RT-PCR result (Delta, 81.5% [CI, 66.8% to

96.1%] vs. Omicron, 78.0% [CI, 69.1% to 87.0%]) (Table 2
and Figure 2). The sensitivity of Ag-RDTs among partici-
pants with a negative RT-PCR result within 48 hours of the
index positive RT-PCR result (that is, population C) was
7.3% (CI, 2.4% to 16.1%) at 1 week. Among the 69 partici-
pants in population C, only 5 had a positive Ag-RDT result
at some point during the study. Unlike other participants
in population C, all 5 of these participants with a positive
Ag-RDT result turned serially RT-PCR–positive later in the
study period.

Relationship Between Probability of Ag-RDT
Positivity and Ct Value AmongDelta and Omicron
Variants

Sensitivity was similar between variants for same-day
positivity of Ag-RDTs compared with RT-PCR when the
Ct count was less than 30 (Delta, 77.8% vs. Omicron,
89.1%) and for 48-hour positivity of Ag-RDT compared
with RT-PCR when the Ct count was less than 30 (Delta,
100% vs. Omicron, 90.5%) (Table 3). Compared with par-
ticipants infected with the Delta variant, those with
Omicron infections had a higher predicted probability of
Ag-RDT positivity when the Ct value was lower than 30;
however, this difference was not statistically significant.

DISCUSSION

In this analysis of data from 5779 participants that
included 45958 participant-days of Ag-RDT and RT-PCR
testing spanning October 2021 to January 2022, we
found that Ag-RDT performance for detection of the
Omicron variant was not inferior to that of the Delta

Table 1. Distribution of Participant Characteristics Based on SARS-CoV-2 Variant Type

Characteristic Population A: First Positive RT-PCR Result Observed During the Study

Total Delta Variant Omicron Variant P Value

Participants, n 207 58 149

Participant-days of testing, n 1648 455 1193

Result of RT-PCR done within 48 h of first positive RT-PCR result, n (%) 0.55
Positive or indeterminant (population B) 109 (52.7) 27 (46.6) 82 (55.0)
Negative (population C) 69 (33.3) 22 (37.9) 47 (31.5)
Test not done (population D) 29 (14.0) 9 (15.5) 20 (13.4)

Age, n (%) 0.003*
2–<13 y 24 (11.6) 6 (10.3) 18 (12.1)
13–<18 y 12 (5.8) 1 (1.7) 11 (7.4)
18–<45 y 124 (59.9) 46 (79.3) 78 (52.4)
45–<65 y 37 (17.9) 5 (8.6) 32 (21.5)
≥65 y 10 (4.8) 0 (0.0) 10 (6.7)

Unvaccinated, n (%) 65 (31.4) 13 (22.4) 52 (34.9) 0.056

Vaccine doses, n (%) <0.001*
1 4 (1.9) 3 (5.2) 1 (0.7)
2 86 (41.6) 36 (62.1) 50 (33.6)
≥3 52 (25.1) 6 (10.3) 46 (30.9)

Infection history, n (%) 0.61
Never 189 (91.3) 53 (91.4) 136 (91.3)
≥3 mo ago 18 (8.7) 5 (8.6) 13 (8.7)

RT-PCR = reverse transcriptase polymerase chain reaction.
* Fisher exact test.
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variant. Of note, overall (in population A), the same-day
positivity for Ag-RDTs on onset of RT-PCR positivity was
low at 20.3%. Repeated Ag-RDT testing within 48 hours
improved this proportion to 48.3% overall. Among the
participants who were positive on RT-PCR testing for at
least 48 hours, Ag-RDT results were positive for 32.1%
on the same day and 78.9% within 48 hours. The phe-
nomenon of singleton RT-PCR positivity (population C)
merits further discussion because Ag-RDTs were largely
unable to detect the infection, regardless of the variant.
Taken together, our findings suggest that Ag-RDTs
detect infections similarly for the Delta and Omicron var-
iants, with overall low detection rates on the same day as
an initial RT-PCR–positive result and higher detection
rates when a second test is used 48 hours after the first.

It is important to consider the following factors when
interpreting these results. First, these results present a
comparison between Ag-RDT and RT-PCR tests using
self-collected nasal swabs. Second, the testing frequency
of 48 hours does not allow a finer temporal resolution of
the analysis of test performance. Third, the results of Ag-
RDTs are based on self-report. However, these limitations
are nondifferential and unlikely to bias the comparison of
Ag-RDT performance between the Delta and Omicron
variants. Furthermore, the data collected from this study
illustrate the performance of Ag-RDTs self-collected at
home, which more closely resemble the real-world
evidence.

Early epidemiologic studies have shown decreased
and delayed sensitivity of Ag-RDTs in detecting the
Omicron variant in comparison with saliva RT-PCR test-
ing. Adamson and colleagues (10) reported that among
28 people with a positive result on saliva RT-PCR testing
with suspected Omicron variant infection and a Ct value
lower than 29, none tested positive on nasal Ag-RDT
within 24 hours and only 25% tested positive on nasal

Ag-RDT within 48 hours. By contrast, among the infections
where the Ct value from the initial nasal RT-PCR test with
positive results was lower than 30, our study found that
the Ag-RDT result was positive within 48 hours in 38 of 42
instances. In the 4 cases in which Ag-RDT positivity was
not recorded within 48 hours of the initial RT-PCR positiv-
ity with a Ct value lower than 30, all were found to be sin-
gleton RT-PCR–positive results, with the subsequent RT-
PCR resulting as negative at 48 hours. We also found a
sensitivity of 89.1% with Ag-RDT done on the same day as
RT-PCR positivity with a Ct count lower than 30 among
persons infected with the Omicron variant, which is similar
to findings of a separate report that evaluated similar per-
formance among predominantly symptomatic partici-
pants (17). The discrepancy between these findings may
be explained by the use of saliva RT-PCR instead of nasal
RT-PCR as the primary comparator. Marais and colleagues
(18) reported that the positive percentage agreement of
RT-PCR tests from a nasal swab was higher for the Delta
variant (100%) than the Omicron variant (86%); in contrast,
that from a saliva sample was higher for the Omicron vari-
ant (100%) than the Delta variant (71%). However, consid-
ering that saliva PCR tests are not widely available and the
typical turnaround time for commercial nasal RT-PCR tests
ranges from 36 to 48 hours, our finding suggests that
serial use of Ag-RDT may be a viable option for ascer-
taining SARS-CoV-2 infection status, regardless of Delta
or Omicron variant.

The findings from our study reinforce the importance
of serial use of Ag-RDTs to overcome the relatively low
sensitivity of Ag-RDTs on the first day of RT-PCR positiv-
ity. In a previous study of known positives and close con-
tacts, limited sensitivity was observed for an Ag-RDT at a
single time point in the early course of infection, but
repeated testing every 48 or 72 hours improved sensitiv-
ity from lower than 40% to nearly 80% (5). Viral dynamics

Table 2. Sensitivity of Serial Testing with Ag-RDTs for Delta and Omicron Variants

Population
and Variant

In 24 Hours In 48 Hours In 96 Hours In 1 Week

Sensitivity
(95% CI), %

Sensitivity
Difference
(95% CI),
Percentage Points

Sensitivity
(95% CI), %

Sensitivity
Difference
(95% CI),
Percentage Points

Sensitivity
(95% CI), %

Sensitivity
Difference
(95% CI),
Percentage Points

Sensitivity
(95% CI), %

Sensitivity
Difference
(95% CI),
Percentage Points

Population A: first positive RT-PCR result observed during the study
Total 20.3 (14.8 to 25.8) – 48.3 (41.5 to 55.1) – 55.1 (48.3 to 61.8) – 57.5 (50.8 to 64.2) –

Delta 15.5 (6.2 to 24.8)
6.6 (�4.8 to 18.1)

44.8 (32.0 to 57.6)
4.8 (�10.3 to 19.9)

50 (37.1 to 62.9)
7.0 (�8.1 to 22.2)

50 (37.1 to 62.9)
10.4 (�4.7 to 25.5)

Omicron 22.1 (15.5 to 28.8) 49.7 (41.6 to 57.6) 57 (49.1 to 65.0) 60.4 (52.6 to 68.3)

Population B: first positive RT-PCR result followed by a second positive result in 48 h
Total 32.1 (23.3 to 40.9) – 78.9 (71.2 to 86.6) – 89.9 (84.3 to 95.6) – 92.7 (87.8 to 97.6) –

Delta 25.9 (9.4 to 42.5)
8.2 (�11.2 to 27.7)

81.5 (66.8 to 96.1) �3.4 (�20.6 to 13.7)
92.6 (82.7 to 100) �3.6 (�15.1 to 8.4)

92.6 (82.7 to 100)
0.0 (�11.3 to 11.5)

Omicron 34.1 (23.9 to 44.4) 78.0 (69.1 to 87.0) 89.0 (82.2 to 95.8) 92.7 (87.0 to 98.3)

Population C: first positive RT-PCR result followed by a negative result in 48 h
Total 0 – 1.5 (0.0 to 4.3) – 4.3 (0.0 to 9.1) – 7.2 (1.1 to 13.4) –

Delta 0 – 0 – 0 – 0 –

Omicron 0 – 2.1 (0.0 to 6.3) – 6.4 (0.0 to 13.4) – 10.6 (1.8 to 19.4) –

Population D: missing second positive RT-PCR result in 48 h from the first positive result
Total 24.1 (8.6 to 39.7) – 44.8 (26.7 to 62.9) – 44.8 (26.7 to 62.9) – 44.8 (26.7 to 62.9) –

Delta 22.2 (0.0 to 49.4)
2.8 (�30.4 to 35.9)

44.4 (12.0 to 76.9)
0.5 (�38.6 to 39.7)

44.4 (12.0 to 76.9)
0.5 (�38.6 to 39.7)

44.4 (12.0 to 76.9)
0.5 (�38.6 to 39.7)

Omicron 25.0 (6.0 to 44.0) 45.0 (23.2 to 66.8) 45.0 (23.2 to 66.8) 45.0 (23.2 to 66.8)

Ag-RDT = rapid antigen test; RT-PCR = reverse transcriptase polymerase chain reaction.
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with Omicron infection may be different, such that there
is a more rapid increase in the RNA viral load but a lower
peak and shorter clearance phase in comparison with
the Delta variant (19). Indeed, we observed a slightly
higher proportion of first Ct values less than 30 for
Omicron infections (89 of 143 [62.2%]) than for Delta
infections (26 of 58 [53.0%]). Our findings of higher first-
day sensitivity with Ag-RDT among participants infected
with the Omicron variant may be attributable to these
differences, which were not statistically significant.

In this study, more than half (52.7%) of the partici-
pants with a positive RT-PCR result had a false-negative
result on an Ag-RDT even when 2 antigen tests were
done within 48 hours of first RT-PCR positivity. However,
when the analysis was restricted to participants who
tested positive on RT-PCR for at least 48 hours (popula-
tion B), the false-negative rate for Ag-RDT was 21.1%
within 48 hours with no significant differences between
the variant types. For the population of participants
with singleton RT-PCR positivity, additional studies are
needed to understand this phenomenon further in the
context of SARS-CoV-2 infection compared with other
viral infections where “blips” are commonly described
(20–22). Such factors as SARS-CoV-2 immune status,
local or systemic viral load, or assay limit of detection
may play a role. The public health implications of false-
negative Ag-RDT results associated with singleton RT-
PCR positivity remain unclear (23). Because there is no
way to prospectively determine who will remain posi-
tive on RT-PCR and who will have a singleton RT-PCR–
positive result, it is important to elucidate the significance

of our finding that Ag-RDTs fail to detect singleton RT-PCR–
positive cases.

This analysis offers a unique look at longitudinal RT-
PCR and Ag-RDT in a large prospective cohort, allowing
us to capture data at the onset of infection and during
the infection course throughout the emergence of the
Omicron variant. This study used 3 different Ag-RDTs,
which increases generalizability but does not guarantee
it, and further evaluation of other Ag-RDTs may be
needed as a clinical study. Identification of variants as
Omicron or Delta in this study is based on sequencing of
a subset of samples during December 2021 and the first
week of January 2022, instead of all participants who
tested positive. However, our observed sequencing
results during December and January closely resemble
those of the variant surveillance by the Centers for
Disease Control and Prevention. To decrease possible
misclassification of Delta and Omicron samples, we
excluded participants with positive RT-PCR results but
no sequencing results in the time when both Delta and
Omicron were circulating. Furthermore, correction of
possible misclassification error is unlikely to reverse the
findings that Ag-RDTs have equal performance for the
Delta and Omicron variants.

In conclusion, nasal swab Ag-RDT performance was
similar between the Omicron and Delta variants. In both
cases, detection of virus with Ag-RDTs was associated
with relative viral load as measured by Ct value. Our data
suggest that serial testing continues to be important in
improving the performance of Ag-RDTs. Future work to
increase our understanding of persons with singleton

Figure 2. Proportion of participants testing positive by Ag-RDT, by days since initial sample collection for positive RT-PCR result.
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RT-PCR positivity is needed to determine the public
health significance of a false-negative Ag-RDT result in
this subpopulation.
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Table 3. Sensitivity of Ag-RDT as a Function of Same-Day and Index Ct Values for Delta and Omicron Variants

CT Value Sensitivity of Ag-RDT by Ct Value
From the Same-Day RT-PCR Test

Sensitivity of Ag-RDT Within 48 Hours
of First Positive RT-PCR Result as a Function of Index Ct Value

Delta Variant Omicron Variant Delta Variant Omicron Variant

Positive
Result on
RT-PCR, n
(%)*

Positive
Result on
Ag-RDT, n
(%)†

Positive
Result on
RT-PCR, n
(%)*

Positive
Result on
Ag-RDT, n
(%)†

Positive
Result on
RT-PCR, n
(%)*

Positive
Result on
Ag-RDT, n
(%)†

Positive
Result on
RT-PCR, n
(%)*

Positive
Result on
Ag-RDT, n
(%)†

<15 1 (0.9) 1 (100.0) 0 0 1 (2.0) 1 (100.0) 0 0
15–<20 19 (16.7) 19 (100.0) 26 (6.7) 26 (100.0) 2 (4.1) 2 (100.0) 5 (3.7) 5 (100.0)
20–<25 18 (15.8) 17 (94.4) 84 (21.6) 79 (94.1) 5 (10.2) 5 (100.0) 11 (8.0) 10 (90.9)‡
25–<30 25 (21.9) 12 (48.0) 91 (23.4) 74 (81.3) 6 (12.2) 6 (100.0) 26 (19.0) 23 (88.5)‡
30–<35 21 (18.4) 5 (23.8) 102 (26.2) 35 (34.3) 10 (20.4) 7 (70.0) 50 (36.5) 24 (48.0)
≥35 30 (26.3) 2 (6.7) 86 (22.0) 10 (11.6) 25 (51.0) 3 (13.0) 45 (32.8) 7 (15.6)

Ag-RDT = rapid antigen test; Ct = cycle threshold; RT-PCR = reverse transcriptase polymerase chain reaction.
* Column percentage.
† Row percentage.
‡ Singleton RT-PCR positive.
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