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We evaluated daily rapid antigen test (RAT) data from
323 COVID-19–positive university students in Connecticut, USA, during an Omicron-dominant period. Day
5 positivity was 47% for twice-weekly screeners and
26%–28% for less-frequent screeners, approximately
halving each subsequent day. Testing negative >10 days
before diagnosis (event time ratio (ETR) 0.85 [95% CI
0.75–0.96]) and prior infection >90 days (ETR 0.50 [95%
CI 0.33–0.76]) were significantly associated with shorter
RAT positivity duration. Symptoms before or at diagnosis
(ETR 1.13 [95% CI 1.02–1.25]) and receipt of 3 vaccine
doses (ETR 1.20 [95% CI 1.04–1.39]) were significantly
associated with prolonged positivity. Exit RATs enabled
53%–74% of students to leave isolation early when they
began isolation at the time of the first positive test, but
15%–22% remained positive beyond the recommended
isolation period. Factors associated with RAT positivity
duration should be further explored to determine relationships with infection duration.

I

n December 2021, the Centers for Disease Control
and Prevention (CDC) reduced the recommended
COVID-19 isolation period for the general population from 10 days to 5 days after symptom onset or a
positive viral test (1). To end isolation, persons must
have resolving symptoms and wear a mask for an additional 5 days; however, a negative exit test was not
required. The rationale for the shortened isolation
was based on practical and scientific considerations;
namely, weighing the societal and economic burdens against the diminishing risk for transmission
as a positive person proceeds through the infection.
The CDC revised its guidelines as the SARS-CoV-2
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Omicron variant rapidly grew to dominance in the
United States, increasing from 1% to >50% of reported sequences over a 2-week period in December 2021
(2). Early analysis suggested different viral dynamics for Omicron versus Delta: lower peak viral RNA
and shorter clearance periods for Omicron, but similar proliferation times and clearance rates (J.A. Hay
et al., unpub. data, https://doi.org/10.1101/2022.0
1.13.22269257). Because the recommendations were
based on estimates for earlier SARS-CoV-2 variants,
more data were needed to understand their appropriateness for Omicron.
The updated guidance acknowledged the possibility of onward transmission after a 5-day isolation, citing an earlier UK modeling study estimating
that 31% of persons remain infectious after day 5 (D.
Bays et al., unpub. data, https://doi.org/10.1101/2
021.12.23.21268326). Recent literature on exit testing
from an Omicron-dominant period further indicates
that high proportions of persons remain potentially
infectious beyond day 5 (3; E. Landon et al., unpub.
data, https://doi.org/10.1101/2022.02.01.22269931;
S.B. Nelson et al., unpub. data, https://doi.org/10.1
101/2022.02.11.22270843). Studies of managed isolation programs through schools or employers found
positivity of 31%–58% by rapid antigen test (RAT) on
days 5–9, although daily testing among all persons
was not conducted. Near-daily PCR testing found a
day 5 positivity range of 39%–52% (J.A. Hay et al.,
unpub. data).
Although PCR tests are a preferred initial diagnostic option because of their high sensitivity, RATs
are more suitable for exit testing when the goal is to
determine when a person is likely no longer infectious. High PCR sensitivity may result in positive
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tests beyond the infectious period, leading to unnecessarily long isolations (4,5). RAT positivity is generally associated with culturable virus, which itself is
often a proxy for infectiousness (5–7). In addition,
to investigate concerns that RATs may have inferior
performance for Omicron versus Delta infections, a
study compared same-day positivity between the
variants, finding similar sensitivity of RAT and PCR
tests (8). Last, RATs have the advantage of relative
affordability, fast turnaround time, and at-home selfadministration compared with PCR tests, making
them the only viable exit test option for much of the
population (9,10).
In this study, we aimed to address the evidence
gaps regarding changes in daily RAT positivity, factors influencing RAT positivity duration, and how
exit RATs toward the end of isolation can be used to
tailor isolation periods on the basis of risk. We evaluated daily RAT data from 323 persons who initially
tested positive for SARS-CoV-2 during January 1–
February 11, 2022, and were in a university-managed
isolation program in Connecticut, USA. We designed
our study to answer 2 questions: the percentage of
SARS-CoV-2-positive persons that remained positive
via RAT on day 5 of isolation and each subsequent day
until testing negative; and the factors associated with
RAT positivity duration. The Institutional Review
Board (IRB) from Yale University Human Research
Protection Program determined that the use of information, including information about biospecimens, is
recorded by the investigator in such a manner that the
identity of the human subjects cannot readily be ascertained directly or through identifiers linked to the
subject and thus is exempt from IRB review of human
subjects research (IRB protocol 2000032111).

using the Quidel QuickVue At-home COVID-19 test
(https://www.quidel.com), a lateral flow immunoassay that qualitatively detects the SARS-CoV-2 nucleocapsid protein antigen (12). The test received a US
Food and Drug Administration–granted emergency
use authorization for prescribed home use with patient-collected anterior nares swab specimens; it has a
sensitivity of 84.8% (95% CI 71.8–92.4) and specificity
of 99.1% (95% CI 95.2–99.8).
We used R version 4.0.5 and RStudio version
1.4.1106 for our analyses (13). We calculated the percent still positive as the number of positive persons
each day divided by the total number of positive
persons. To assess prognostic factors associated with
the time to event (i.e., testing negative), we coded an
accelerated failure time (AFT) lognormal regression
model using the R package survival version 3.2–13
(14,15). We selected the AFT model for its suitability
for interval-censored data (16). Because students entered the study on day 0 but were not rapid tested
until day 5, any persons testing negative on day 5
were interval censored; their true negative time was
between day 1 and day 5. We compared model fits using various distributions and selected the fit resulting
in the lowest Akaike information criterion value. We
exponentiated the regression coefficients to calculate
the event time ratio (ETR), which is associated with
prolonged RAT positivity duration when >1 and decreased duration when <1. An ETR of 1 signifies that
RAT positivity duration does not differ by covariate
level. We checked the assumption that the ratio of
survival times (i.e., the ETR) is constant for all fixed
probabilities of S(t), the survival function, using the
R package AFTtools version 0.2.1 to inspect QQ plots
generated for each covariate level comparison (17).

Methods
The university required undergraduate students to
screen at arrival on campus and then twice weekly on
designated days. SARS-CoV-2–positive students isolated and participated in mandatory daily rapid antigen self-testing beginning on day 5 after diagnosis
until they tested negative. We defined diagnosis (day
0) as the earliest positive or inconclusive test date. All
inconclusive persons subsequently tested positive.
Excluding 27 persons whose results were by external
PCR or home RATs, all received diagnoses by Clinical Research Sequencing Platform SARS-CoV-2 realtime reverse transcription PCR diagnostic assay (11).
Trained staff observed the exit testing process and
confirmed the result. Upon testing negative, students
ended isolation but continued mandatory masking
until day 10. All rapid antigen testing was conducted

Results
Our study population comprised primarily students
18–22 years of age living in university dormitory
housing (N = 323) (Table 1). Among them, 63% selfreported symptoms before or at diagnosis. Symptomatic persons reported symptom onset a median of 0
days (IQR 0–1.25 days) before their initial test in the
last negative test <4 days and last negative test 5–9
days groups and 1 day (IQR 0–4 days) before in the
last negative test >10 days group. We did not track
symptoms beyond diagnosis, although 18/205 symptomatic persons had a symptom onset date 1 day after
diagnosis, potentially reflecting when they received
their results and discussed symptoms. We found that
7% had a confirmed SARS-CoV-2 infection >90 days
before their recent diagnosis: 62% of those with prior
infections received 3 vaccine doses, 33% received 2
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Table 1. Characteristics of population completing isolation in study of students in a university-managed isolation program, January
1–February 11, 2022*
No. (%) persons by days since last negative test
Total no. (%), N
Characteristic
≤4 d, n = 181 5–9 d, n = 48
≥10 d, n = 93
Unknown, n = 1
= 323
Self-reported symptoms before or at diagnosis
No
51 (28)
17 (35)
46 (49)
1 (100)
115 (36)
Yes
130 (72)
29 (60)
46 (49)
0 (0)
205 (63)
Unknown
0 (0)
2 (4)
1 (1)
0 (0)
3 (1)
Prior infection >90 d
No
171 (94)
46 (96)
84 (90)
1 (100)
302 (93)
Yes
10 (6)
2 (4)
9 (10)
0 (0)
21 (7)
No. vaccine doses
1
3 (2)
0 (0)
6 (6)
0 (0)
9 (3)
2
38 (21)
16 (33)
31 (33)
1 (100)
86 (27)
3
136 (75)
30 (62)
54 (58)
0 (0)
220 (68)
4
1 (1)
1 (2)
0 (0)
0 (0)
2 (1)
Unknown
3 (2)
1 (2)
2 (2)
0 (0)
6 (2)
*Category totals may not add to 100% because of rounding.

doses, and 5% received an unknown number of doses. The university did not screen asymptomatic persons with an infection <90 days before because of the
likelihood of false positives.
We categorized vaccinations into 1–4 doses. In
general, a non-mRNA vaccine primary series counted
as 1 dose, an mRNA vaccine primary series as 2 doses, and a booster as an additional dose. Two students
reported receiving 2 boosters, giving each a total of
4 doses. Only doses administered >14 days before
diagnosis were counted toward the total (18). The
breakdown of doses was as follows: 3% of persons
had 1 dose, 27% had 2 doses, 68% had 3 doses, and
1% had 4 doses; 2% had missing data (Appendix Table, https://wwwnc.cdc.gov/EID/article/28/12/220969-App1.pdf). RAT positivity duration, and thus
isolation time if requiring a negative exit RAT to leave
isolation, is dependent on where a person is in their
infection course when COVID is diagnosed. To address this consideration, we used the time since the
last negative test as an approximation of the time
since infection; 56% of persons tested negative <4
days before diagnosis, 15% 5–9 days before, and 29%
>10 days before. One person had missing data. The
≤4 days group represents students compliant with
university twice-weekly screening policy, the 5–9
day group a mix of noncompliant routine screeners
and arrival screeners, and the >10 day group arrival
screeners.
To calculate the percent still positive on day 5 and
beyond, we dropped 1 person with an unknown last
negative test time and 7 persons who initially tested
inconclusive but used the subsequent positive test
date as the isolation start; the final dataset comprised
315 persons. Among twice-weekly screeners, 47% of
all diagnosed (n = 177) remained positive on day 5,
22% on day 6, 8% on day 7, and 1%–2% on days 8–13

(Figure, panel A). Among students last testing negative 5–9 days before diagnosis, 28% of all diagnosed
(n = 47) remained positive on day 5, 17% on day 6, 6%
on day 7, and 2%–4% on days 8–9 (Figure, panel B).
Students last testing negative >10 days before diagnosis (n = 91) had similar daily positivity rates to the 5–9
day group’s (Figure, panel C).
To evaluate possible prognostic variables for
RAT positivity duration, we conducted a survival
analysis using an AFT lognormal regression model.
We subset the final dataset to exclude those with 1 (n
= 8), 4 (n = 2), or an unknown number (n = 6) of vaccine doses because of small category sizes, a missing
PCR cycle threshold (Ct) value at diagnosis because
of an external PCR test or home RAT (n = 27), a missing symptom status (n = 2), and receipt of an international vaccine (n = 8), resulting in a final sample
of 263 persons. We included time since the last negative test category as a covariate to account for possible
confounding, because persons in different infection
stages would necessarily experience different RAT
positivity durations. We also included symptom status, PCR Ct value, and prior infection >90 days before symptom onset as covariates. We created a new
variable combining the number of vaccine doses (2 or
3) and the time since the last dose (<5 months or >5
months) (19). All students who had received 3 vaccine doses received their last dose <5 months except
for 1 student. Finally, we included the primary series
vaccine brand grouped into mRNA vaccines (PfizerBioNTech, https://www.pfizer.com, and Moderna,
https://www.modernatx.com) and J&J/Janssen
(https://www.jandj.com). We determined regression
results (Table 2) and RAT positivity duration distribution for each covariate category (Appendix Figure
1) excluding time since last negative test (Figure 1).
We found that having a last negative test >10 days
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Figure. Rapid antigen testing results by isolation day and positivity duration by days since the last negative test category in study of
students isolated for positive SARS-CoV-2 results. Left axis shows percent still positive of the original study population; right axis shows
the number tested positive on each isolation day. A) Last negative test ≤4 days earlier (N = 177). B) Last negative test 5–9 days earlier (N =
47). C) Last negative test ≥10 days before the earliest test (inconclusive or positive) (N = 91). One person was removed due to missing last
negative test data, and 10 persons were removed due to testing inconclusive initially but counted the first positive test as day 0.

prior was significantly associated with a 15% shorter
RAT positivity duration (ETR 0.85, 95% CI 0.75–0.96)
compared with having a last negative test <4 days
prior. Being symptomatic was significantly associated with a 13% longer RAT positivity duration (ETR
1.13, 95% CI 1.02–1.25). Having a prior infection >90
days was significantly associated with a 50% shorter
RAT positivity duration (ETR 0.50, 95% CI 0.33–0.76).
Receipt of 3 vaccine doses was significantly associated with a 20% longer RAT positivity duration (ETR
1.20, 95% CI 1.04–1.39) compared to the 2 doses >5
months group. The results for other covariates were
not significant.
Discussion
We analyzed data from a mandatory daily RAT program among university students in isolation to assess
the percent still positive on day 5 and beyond and determine possible prognostic factors for RAT positivity
duration. In addition, we approximately accounted
for time since infection by stratifying our analysis by
the time since last negative test. We found a day 5
positivity of 47% in the twice-weekly screening group
and 26%–28% in the less frequently screened groups
(Figure, panels A–C). For all groups, positivity approximately halved with each additional day. Those
2458

results align with the expectation that more frequent
screeners received their diagnosis earlier in their infection, thus experiencing a longer isolation. Our
findings are similar to results reported in other analyses of managed isolation programs, although most
did not conduct daily mandatory testing (3; J.A. Hay
et al., unpub. data; E. Landon et al., unpub. data; S.B.
Nelson et al., unpub. data). Those studies reported
RAT positivity of 31%–58% on days 5–9 of isolation
and PCR positivity of 39%–52% on day 5, 25%–33%
on day 6, and 13%–22% on day 7 .
Two recent cohort studies comparing RAT and
culture positivity found a 100% negative predictive
value and 50% positive predictive value 4–6 days (n
= 14) (20) and 6 days (n = 17) (L.A. Cosimi et al.,
unpub. data, https://doi.org/10.1101/2022.03.03
.22271766) after diagnosis. Day 6 culture positivity
was 11%–35% depending on the isolation start definition. A separate study found that 25% of persons
still had culturable virus at day 8 (J. Boucau, unpub.
data, https://doi.org/10.1101/2022.03.01.22271582)
. The combined results suggest that a negative exit
RAT toward the end of isolation is strongly indicative of culture negativity, whereas a positive exit
RAT is only sometimes associated with culture positivity (and likely infectiousness). Thus, managed
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isolation programs face the choice of whether and
how to integrate RAT exit testing. In our study, negative RAT tests on day 5 enabled 78%–85% of students to confidently leave isolation 1 day early and
negative RAT tests on day 6 to leave on time. For
the 15%–22% who remained RAT positive on day
6, some unknown percentage likely remained infectious; the percentage remaining positive dropped to
6%–8% on day 7. We defined the isolation start as
the initial test date; however, CDC guidelines define
it as the initial test or the symptom onset. Persons
using symptom onset as their isolation start may
have longer RAT positivity durations than those we
measured in our study, strengthening the argument
for the use of exit tests, particularly given the innate
subjectivity of self-reported symptoms. In addition,
we note that the young age of our study population
may have meant faster viral clearance than for the
general population. An appropriate balance, particularly in the case of high-density settings such
as university dormitories in which outbreaks can
quickly spread, may be to use exit testing beginning
on day 5 to end isolation and, for those still testing
positive, remain in isolation until day 7 and continue
masking until day 10.
A negative test >10 days before diagnosis, symptom status, prior infection >90 days before diagnosis, and receipt of 3 vaccine doses were significantly
associated with RAT positivity duration in our survival analysis (Table 2). Results for the other covariates were not significant. For the last negative test
covariate, we observed an association with shorter

duration time for the >10 days and 5–9 days groups
compared with the <4 days group, although only the
difference in ETR for the >10 days group was significant. The relationship between less frequent screening and shorter RAT positivity duration is intuitive;
those persons are more likely to receive a diagnosis
later in the infection. Reporting symptoms before or
at diagnosis was significantly associated with longer RAT positivity duration. Symptomatic persons
may receive diagnosis earlier in their infection, even
when participating in routine screening, resulting in
longer RAT positivity. Experiencing a prior infection
>90 days earlier was significantly associated with
decreased RAT positivity duration. In a highly vaccinated population, having a previous infection may
confer greater immunity than not having one (21),
reducing the RAT positivity duration.
Receipt of 3 vaccine doses was significantly
associated with a longer RAT positivity duration
compared with receipt of 2 doses >5 months before
diagnosis, an unexpected finding. This finding was
consistent under various formulations of the model
during our exploratory phase and could be caused
by immunologic or data factors. Another study
found that vaccine-boosted persons were twice as
likely to test positive on an initial RAT on days 5–10
than unboosted persons, although not all persons
tested daily (E. Landon et al., unpub. data). That
study suggested boosted persons might develop
symptoms earlier due to a faster immune response,
leading to speedier detection and longer RAT positivity durations. Accounting for the time since the

Table 2. Event time ratios of the association between covariates in study of students in a university-managed isolation program,
January 1–February 11, 2022*
Covariate
Sample size
ETR (95% CI)
p value
Time since last negative test, d
<4†
155
NA
NA
5–9
40
0.88 (0.77NA1.01)
0.065
>10
68
0.85 (0.75NA0.96)
0.008
Symptoms at diagnosis
N
104
NA
Referent
Y
159
1.13 (1.02NA1.25)
0.016
Ct value at diagnosis
263
1 (0.99NA1)
0.378
Prior infection >90 d
N†
244
NA
NA
Y
19
0.5 (0.33NA0.76)
0.001
No. dose/time since last dose
2 doses / >5 mo†
44
NA
NA
2 doses / <5 mo
31
1.29 (0.97NA1.73)
0.083
3 doses
188
1.2 (1.04NA1.39)
0.012
Primary vaccine brand
Janssen/Johnson & Johnson†
24
NA
NA
mRNA
239
1.21 (0.89NA1.65)
0.219

*N = 263 persons who were fully vaccinated with Pfizer-BioNTech (https://www.pfizer.com), Moderna (https://modernatx.com), or Janssen/Johnson &
Johnson (https://jnj.com), did not additionally receive an international vaccine, and did not have a missing Ct value or symptom status. ETR >1 is
associated with prolonged RAT positivity duration compared to the reference group. An ETR <1 is associated with a decreased RAT positivity duration.
Ct, cycle threshold; Dx, diagnosis; ETR, event time ratio; mRNA, either of the mRNA vaccines from Pfizer or Moderna; NA, not applicable; RAT, rapid
antigen test.
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last negative test in our model would likely reduce
some of the bias toward earlier detection of symptomatic persons; however, this explanation remains
possible. In addition, the quantity and quality of anti-spike antibody levels substantially differ in 2-dose
mRNA recipients shortly after they receive a booster
dose, enhancing viral neutralization capacity (22).
Timely onset of improved humoral and cellular immunity in boosted persons is expected to result in
rapid control of the acute infection. After such containment, an apparent delay of viral clearance might
result from remaining, potentially antibody-coated,
viral particles or infected cells that are gradually
cleared. In our study population, 68% of persons
were boosted with a third dose >14 days before
their positive test (Table 1), occurring on average 50
(IQR 35–61) days earlier. Conversely, it is also possible that selection bias exists among boosted persons in our dataset. Boosted persons who experience
breakthrough infections may not mount as strong
an immunologic response to the vaccine compared
as boosted and exposed persons who do not experience breakthrough infections, leading to relatively
longer infection durations. In addition, more persons in the 2-dose groups may have been infected
with the Delta variant compared with the 3-dose
group. We observed a higher proportion of persons
belonging to the 2-dose groups earlier in our study,
when Delta still circulated at low levels (Appendix
Figure 2). If the incubation period or infection duration differ between Delta and Omicron infections,
this could contribute to our findings. Although we
did not have access to viral sequence data for our
study population, Omicron reached 97% frequency
among sequenced samples in New Haven County,
Connecticut, by January 1, 2022; the remaining 3%
were Delta (23). We observed a substantially larger
sample size for the 3-dose group (n = 188) than the
2-dose >5 months (n = 44) and <5 months (n = 31)
groups. The larger sample may have captured more
RAT positivity duration outliers. Finally, our analysis assesses the relationship between these factors
and the duration of RAT positivity, not infection.
Other unaccounted factors may be associated with
both the 3-dose group and RAT positivity duration.
Symptom status only captures self-reported
symptoms before or at diagnosis and may not always
be related to the subsequent SARS-CoV-2 diagnosis.
Three persons reported a symptom onset >10 days
before diagnosis. Some asymptomatic persons may
have later become symptomatic. Prior infections >90
days earlier included confirmed infections reported
in the medical records; prior infections that occurred
2460

during breaks or before routine screening began at
the university in fall 2021 were likely missed. The
PCR Ct value was measured only at diagnosis; some
Ct values were missing because participants took
external tests or home RATs. Our study population,
primarily students 18–22 years of age, may not be
representative of the general population because of
their youth and likely lower rate of comorbidities.
However, it is unlikely that older age groups or
those with higher comorbidity rates would experience shorter RAT positivity durations. In addition,
daily RAT positivity may change in this population
as more time passes since their last vaccine dose.
We do not have a full medical history for our study
population, and it is possible that some persons may
experience longer isolations because of their medical
conditions. There could be changes in staff accuracy
over time in reading RAT results, which are qualitative in nature, although their training procedures
render this less likely. We do not have RAT data for
days 1–4 and accounted for this interval-censoring
in our analysis. RATs have a lower sensitivity than
PCR, reducing the risk that a noninfectious person
would remain in isolation but increasing the risk for
a false negative (4,5). RAT positivity, although associated with culturable virus, does not mean that a
person is necessarily infectious (5–7).
Incorporation of exit rapid antigen testing into
its managed isolation program enabled the university to tailor isolation durations on the basis of onward transmission risk. When using the positive test
collection date as the start of isolation, the university
released 53%–74% of students testing negative via
RAT 1 day early on isolation day 5, while identifying the 15%–22% of students who remained positive
on isolation day 6. Using an earlier symptom onset
date as an alternative isolation start would result in
higher positivity. The recommended full 5-day isolation period may be too short, especially for persons using symptom onset as their isolation start or
those with diagnoses early in their infections. Future
research analyzing what, if any, onward transmission has resulted from the recommended 5-day isolation period would further refine our understanding of its suitability. In addition, the risk posed by
a still-infectious person released from isolation after
5 days must also be considered in the broader context. In periods of high community incidence, the
contribution of still-infectious released persons to
onward transmission may be relatively small compared with that of other persons early in their infections. Conversely, in periods of low community incidence, their contribution may be relatively greater.
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These considerations illustrate the complexity of
recommending isolation periods for the general
population, but our study adds to evidence that the
recommended 5-day isolation period may be too
short. Finally, our study highlights the utility of using exit RATs to tailor isolation periods on the basis
of risk, especially in dense settings or ones with vulnerable populations.
This article was preprinted at https://www.medrxiv.org/
content/10.1101/2022.03.11.22272264v1.
Yale COVID-19 Resulting and Isolation Team authors:
Adam Cairns, Alyssa Cooksey, Arielle Pensiero,
Asnath Mosha, Christina Pivirotto, Colleen Traub, Gabriel
Velazquez, Heejun Lee, Jasper Larioza, Jelissa Neal,
Jenna Bourgeois, Kathleen Donnelly, Karen Otterson,
Kiley Carbone, Kristin Smith, Lauren Gillingham, Lauren
Greenberg, Linda DiGangi Ehrenfels, Maen Adileh, Marie
Toupou, Nathan Lubich, Nathan Yuen, Nick Davies,
Nikkiyah Brown, Noor Khalid, Olivia Dumont, Onyi
Umeugo, Oscar Monteagudo, Presley Hill, Quinn O’Leary,
Rashea Banks, Richard Rousseau, Sam Duplantis, Sara
Khalid, Saskia César, Sean Doran, Shannan Charney,
Shinelle Wilkins, Sofia Martinez, Spencer Volpe, Victor
Martinez Garcia, and Vittoria Cappuccia.
Acknowledgments
We thank the Yale COVID Testing and Tracing Committee
and the Yale COVID-19 Resulting and Isolation Team for
the substantial amount of time and effort that went into
designing, implementing, and sharing data from the rapid
antigen testing isolation program. Yale Center for Clinical
Investigation (YCCI) Multidisciplinary Pre-Doctoral
Training Program supported this work.
All original code and data have been deposited at Github
and are publicly available (https://github.com/
rebecca-earnest/2022_paper_isolation-rapid-antigen).
Any additional information required to reanalyze the data
reported in this paper is available from the corresponding
author upon request.
Author contributions: conceptualization, R.E., C. Chen,
N.D.G., M.S.W; collection and provision of isolation data:
C. Chen, M.S.W., Yale COVID-19 Resulting and Isolation
Team; methods development, R.E., C. Chaguza; data
analysis and interpretation, R.E., C. Chaguza, N.D.G.,
A.M.H.; supervision, N.D.G., M.S.W; original draft, R.E.,
N.D.G; revised draft, R.E., N.D.G., A.M.H.; review and
editing, all authors.
Declaration of interest: N.D.G. is a paid consultant for
Tempus Labs and the National Basketball Association and
has received speaking fees from Goldman Sachs.

About the Author

Ms. Earnest is a PhD candidate at the department of
epidemiology of microbial diseases, Yale University School
of Public Health. Her primary research interests include
the outbreak dynamics of emerging viruses in human and
animal populations.
References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Centers for Disease Control and Prevention. Isolation and
precautions for people with COVID-19. 2022 [cited 2022 Feb
16]. https://www.cdc.gov/coronavirus/2019-ncov/
if-you-are-sick/quarantine-isolation-background.html
Lambrou AS, Shirk P, Steele MK, Paul P, Paden CR,
Cadwell B, et al.; Strain Surveillance and Emerging
Variants Bioinformatic Working Group; Strain Surveillance
and Emerging Variants NS3 Working Group. Genomic
surveillance for SARS-CoV-2 variants: predominance of the
Delta (B.1.617.2) and Omicron (B.1.1.529) variants—United
States, June 2021–January 2022. MMWR Morb Mortal
Wkly Rep. 2022;71:206–11 https://doi.org/10.15585/
mmwr.mm7106a4
Lefferts B, Blake I, Bruden D, Hagen MB, Hodges E,
Kirking HL, et al. Antigen test positivity after COVID-19
isolation—Yukon-Kuskokwim Delta region, Alaska,
January–February 2022. [cited 2022 Feb 25]. MMWR Morb
Mortal Wkly Rep. 2022;71:293–8 https://www.cdc.gov/
mmwr/volumes/71/wr/mm7108a3.htm. https://doi.org/
10.15585/mmwr.mm7108a3
Centers for Disease Control and Prevention. Ending
isolation and precautions for people with COVID-19:
interim guidance. 2022 [cited 2022 Mar 2].
https://www.cdc.gov/coronavirus/2019-ncov/hcp/
duration-isolation.html
Pekosz A, Parvu V, Li M, Andrews JC, Manabe YC,
Kodsi S, et al. Antigen-based testing but not real-time
polymerase chain reaction correlates with severe acute
respiratory syndrome coronavirus 2 viral culture. Clin Infect
Dis. 2021;73:e2861–6. https://doi.org/10.1093/cid/ciaa1706
Routsias JG, Mavrouli M, Tsoplou P, Dioikitopoulou K,
Tsakris A. Diagnostic performance of rapid antigen tests
(RATs) for SARS-CoV-2 and their efficacy in monitoring the
infectiousness of COVID-19 patients. Sci Rep. 2021;11:22863.
https://doi.org/10.1038/s41598-021-02197-z
Pickering S, Batra R, Merrick B, Snell LB, Nebbia G,
Douthwaite S, et al. Comparative performance of
SARS-CoV-2 lateral flow antigen tests and association
with detection of infectious virus in clinical specimens: a
single-centre laboratory evaluation study. Lancet
Microbe. 2021;2:e461–71. https://doi.org/10.1016/
S2666-5247(21)00143-9
Soni A, Herbert C, Filippaios A, Broach J, Colubri A,
Fahey N, et al. Comparison of rapid antigen tests′
performance between Delta and Omicron variants of
SARS-CoV-2: a secondary analysis from a serial home
self-testing study. Ann Intern Med. 2022 Oct 11 [Epub ahead
of print]. https://doi.org/10.7326/M22-0760
Peeling RW, Heymann DL, Teo YY, Garcia PJ. Diagnostics
for COVID-19: moving from pandemic response to control.
Lancet. 2022;399:757–68. https://doi.org/10.1016/
S0140-6736(21)02346-1
Rosella LC, Agrawal A, Gans J, Goldfarb A, Sennik S, Stein J.
Large-scale implementation of rapid antigen testing system
for COVID-19 in workplaces. Sci Adv. 2022;8:eabm3608.
https://doi.org/10.1126/sciadv.abm3608

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 12, December 2022

2461

RESEARCH
11.

How does COVID-19 multiplex testing work? [cited 2022
Jun 15]. https://sites.broadinstitute.org/safe-for-school/
how-does-covid-19-testing-work-0
Food and Drug Administration. In vitro diagnostics
EUAs - antigen diagnostic tests for SARS-CoV-2 [cited
2022 Feb 25]. https://www.fda.gov/medical-devices/
coronavirus-disease-2019-covid-19-emergency-useauthorizations-medical-devices/in-vitro-diagnostics-euasantigen-diagnostic-tests-sars-cov-2
RStudio Team. RStudio: integrated development for R
[cited 2022 Feb 25]. http://www.rstudio.com/
Therneau TM. Survival analysis [R package survival version
3.2–13]. Comprehensive R Archive Network (CRAN);
2021 [cited 2022 Feb 25]. https://CRAN.R-project.org/
package=survival
Therneau TM, Grambsch PM. Modeling survival data:
extending the Cox model. New York: Springer Science &
Business Media; 2013.
Kleinbaum DG, Klein M. Survival analysis: a self-learning
text, third edition. New York: Springer; 2011.
Zoche-Golob V. AFTtools: tools for the data preparation, fitting and diagnostics of accelerated failure times models.
R package version 0.2.1. 2015 [cited 2022 Mar 6].
https://zenodo.org/record/46383
Centers for Disease Control and Prevention. COVID-19
vaccination. 2022 [cited 2022 Mar 10]. https://www.cdc.
gov/coronavirus/2019-ncov/vaccines/second-shot.html

12.

13.
14.

15.
16.
17.

18.

19.

20.

21.

22.

23.

Centers for Disease Control and Prevention. Interim
clinical considerations for use of COVID-19 vaccines.
2022 [cited 2022 Mar 1]. https://www.cdc.gov/vaccines/
covid-19/clinical-considerations/covid-19-vaccines-us.
html#table-02
Bouton TC, Atarere J, Turcinovic J, Seitz S, Sher-Jan C,
Gilbert M, et al. Viral dynamics of Omicron and Delta
SARS-CoV-2 variants with implications for timing of release
from isolation: a longitudinal cohort study. Clin Infect Dis.
2022 June 23 [Epub ahead of print]. https://doi.org/
10. 1093/cid/ciac510
Hall V, Foulkes S, Insalata F, Kirwan P, Saei A, Atti A, et al.;
SIREN Study Group. Protection against SARS-CoV-2 after
Covid-19 vaccination and previous infection. N Engl J Med.
2022;386:1207–20. https://doi.org/10.1056/NEJMoa2118691
Muecksch F, Wang Z, Cho A, Gaebler C, Ben Tanfous T,
DaSilva J, et al. Increased memory B cell potency and breadth
after a SARS-CoV-2 mRNA boost. Nature. 2022;607:128–34.
https://doi.org/10.1038/s41586-022-04778-y
Yale SARS-CoV-2 Genomic Surveillance Initiative. 2022
[cited 2022 Mar 7]. https://nextstrain.org/groups/
grubaughlab-public/CT-SARS-CoV-2/connecticut

Address for correspondence: Rebecca Earnest, Yale School of
Public Health, 60 College St, New Haven, CT 06510, USA;
email: rebecca.earnest@yale.edu

EID Podcast
Economic Burden of Reported Lyme Disease
in High-Incidence Areas, United States, 2014–2016
As the most commonly reported vector-borne disease in the
United States, Lyme disease represents a significant economic burden
to individual people and US society. While approximately 476,000
cases of Lyme disease are diagnosed in the United States annually,
comprehensive economic evaluations are lacking. Using a
cost-of-illness analysis, researchers uncovered a substantial
financial burden that underscores the need for effective prevention
methods to reduce the incidence of Lyme disease in the US.
In this EID podcast, Dr. Sarah Hook, an epidemiologist at
CDC in Fort Collins, Colorado, discusses the economic
burden of Lyme disease in the United States.
Visit our website to listen:
https://go.usa.gov/xJ7Zr
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