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In this prospective cohort of 30 vaccinated healthcare workers
with mild Omicron variant infection, we evaluated viral culture,
rapid antigen test (RAT), and real-time reverse-transcription
polymerase chain reaction (RT-PCR) of respiratory samples at
days 5, 7, 10, and 14. Viral culture was positive in 46% (11/24)
and 20% (6/30) of samples at days 5 and 7, respectively. RAT
and RT-PCR (Ct ≤35) showed 100% negative predictive value
(NPV), with positive predictive values (PPVs) of 32% and 17%,
respectively, for predicting viral culture positivity. A lower RT-
PCR threshold (Ct ≤24) improved culture prediction (PPV=
39%; NPV= 100%). Vaccinated persons with mild Omicron
infection are potentially transmissible up to day 7. RAT and
RT-PCRmight be useful tools for shortening the isolation period.
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The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Omicron variant was first reported in South
Africa in November 2021 and was quickly designated a variant
of concern due to potential high transmissibility and ability to

escape natural and vaccine-induced immunity [1, 2]. Omicron
variant may be >10 times more transmissible than ancestral vi-
ruses and twice as contagious as the Delta variant [1].
There is scarce data on Omicron shedding, which is an impor-

tant factor for determination of coronavirus disease 2019
(COVID-19) transmissibility [2]. In this study, we aimed to char-
acterize Omicron shedding duration by comparing viral isolation,
rapid antigen test (RAT), and real-time reverse-transcription po-
lymerase chain reaction (RT-PCR) cycle threshold (Ct) values.

METHODS

Setting and Study Population

Healthy healthcare workers (HCWs) from Faculdade de
Medicina da Universidade de São Paulo (FMUSP), Brazil, with
mild COVID-19 diagnosed by RT-PCR or RAT within 5 days
of symptom onset were invited to participate in this study.
The COVID-19 vaccination campaign (with CoronaVac) at
FMUSP began on 18 January 2021, and the booster dose of
COVID-19 vaccine on 4 October 2021. All participants had
been immunized with at least 2 doses of any COVID-19 vaccine.

Study Design

We performed a prospective cohort study with 4 time points of
sample collection at days 5, 7, 10, and 14 since symptom onset.
The first day of symptoms was considered day 1. At each time
point, nasopharyngeal samples were collected for RAT and a
different set of combined nasopharyngeal and oropharyngeal
samples for RT-PCR and viral isolation was collected consecu-
tively in a biosafety level 3 laboratory or self-collected at home.
Self-collected samples were transported to the laboratory with-
in 1 hour of collection in a refrigerated container. Demographic
and clinical data were obtained at baseline, and symptom dura-
tion was monitored by telephone up to resolution of symptoms
or 14 days after symptom onset, whichever was later.

SARS-CoV-2 RT-PCR

Detection of SARS-CoV-2 RNA was performed using
EXTRACTA Kit FAST-DNA and RNA Viral (Loccus) and
EXTRACTA 32 Loccus equipment according to the manufactur-
er’s instructions. The RealStar SARS-CoV-2 RT-PCR assay devel-
oped by Altona Diagnostics (Germany, 2020), which amplifies the
regions of the S andE genes, was performed as previously described
[3]. The diagnostic threshold of RT-PCR was a Ct value ≤35.

SARS-CoV-2 Whole-Genome Sequencing

The viral RNA, extracted as described above, was also used for
whole-genome sequencing (WGS) analysis. In brief,
SARS-CoV-2 complementary DNA and multiplex PCR steps
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were performed and the amplicons were sequenced using the
MinION platform (Oxford Nanopore Technologies, United
Kingdom) for lineage characterization [4]. Variant calling
and consensus sequences were performed using artic minion
with Nanopolish version from the ARTIC bioinformatics
pipeline (https://github.com/artic-network/fieldbioinformatics).
Genome regions with a depth of <20-fold were not included
in final consensus sequences, and these positions were represent-
ed with N characters. Sequences with >50 times genome cover-
age were used to lineage classification by Pangolin version 3.1.5
(http://pangolin.cog-uk.io/)[5] and Nextclade version 1.4.0
(https://clades.nextstrain.org) and confirmed by manual geno-
typing. All SARS-CoV-2 viral genomes were uploaded to the
GISAID platform (Supplementary Table 1).

SARS-CoV-2 Rapid Antigen Test

The Hotgen Coronavirus 2019-nCoV antigen test (China),
which is a rapid chromatographic immunoassay for the detec-
tion of SARS-CoV-2 nucleocapsid (N) antigen in respiratory
specimens, was employed. The test was performed according
to the manufacturer’s instructions. After collection, the naso-
pharyngeal swab was immediately immersed in the buffer
tube and homogenized, and 4–5 drops of the solution were
placed in the cassette within 15 minutes of sample collection.

SARS-CoV-2 Viral Culture

To isolate SARS-CoV-2, Vero cells (CCL-81) were seeded in
24-well plates in a concentration of 2× 105 cells/mL in
Dulbecco’s minimal essential medium (DMEM) supplemented
with 5% inactivated fetal bovine serum (FBS) and incubated
overnight at 37°C. The next day, the supernatant was discarded,
and 200 µL of a homogenized respiratory sample was added per
well in the culture plate and incubated for 1 hour for adsorp-
tion. Following incubation, 1 mL DMEM containing 2% FBS
and 1% penicillin-streptomycin-amphotericin B were added
per well. The plates were incubated in a humidified 37°C incu-
bator at 5% carbon dioxide. Cultures were observed daily to
verify cytopathic effect (CPE) for 3 days. Two hundred micro-
liters of supernatant was collected and inoculated into a new
cell culture 2 more times. The supernatant was collected after
the third passage, and virus replication was evaluated through
CPE and confirmed by RT-PCR with a lower Ct value on viral
isolation compared to the patient’s sample Ct value [6].

Data Analysis

Demographic and clinical characteristics were presented as medi-
an (interquartile range [IQR]) for continuous variables and fre-
quency (percentage) for categorical variables. The comparison
of RT-PCR Ct values of participants with and without a vaccine
booster dose, the first 2 doses of CoronaVac, and previous
SARS-CoV-2 infection was performed using the Mann–
Whitney test. The sensitivity, specificity, positive predictive value

(PPV), and negative predictive value (NPV) of RAT and RT-PCR
for prediction of positive viral culture were calculated. A receiver
operating characteristic (ROC) curve of sensitivity and 1-specific-
ity of Ct values for prediction of positive viral culture was plotted
for the identification of an optimized RT-PCR Ct value threshold.
Amean of E and S genes Ct values was calculated for each patient
at each time point for calculation of the Ct values reported. Stata
version 13.0 software was used for statistical analyses.

Ethical Considerations

This study was approved by FMUSP’s Ethics Committee
(CAAE:42708721.0.0000.0068). Informed consent was obtained
from all participants for respiratory samples and clinical data
collection.

RESULTS

We included 30 HCWs with mild COVID-19 between 11 and
24 January 2022. The median age was 30 (IQR, 25–36) years,
16 (53%) were male, and 22 (74%) were White. Most partici-
pants (n= 25 [83%]) had received 2 doses of CoronaVac.
Twenty-six (87%) HCWs had received a booster dose of a
COVID-19 vaccine, mainly BNT162b2 (n= 23/26 [92%]),
and were infected a median of 93 (IQR, 72–100) days since
the booster dose. Ten (33%) participants had COVID-19 previ-
ously with a median reinfection interval of 579 (IQR, 437–601)
days. The most prevalent symptoms at diagnosis were coryza
(n = 27 [90%]), sore throat (n= 25 [83%]), and cough (n= 21
[70%]), with a median duration of symptoms of 6 (IQR, 9–
14) days (Supplementary Table 2). Four (13%) participants re-
mained symptomatic with dry cough for 20–32 days.
We obtained respiratory samples from 24 participants at day

5 and from all participants as of day 7. All HCWs were infected
by SARS-CoV-2 sublineage BA.1 (Supplementary Table 1).
All samples were RT-PCR positive (using standard threshold

of Ct≤35) until day 7, decreasing to a positivity of 97% (n= 29)
at day 10 and 57% (n= 17) at day 14. The lowest Ct levels were
detected at day 5 (median Ct= 18 [IQR, 17–23]), increasing
progressively until day 14 (median Ct= 32 [IQR, 30–34]), ex-
cept for 7 (23%) patients. There was a substantial decrease in
Ct values of 4 of these 7 patients at day 7 and 3 at day 10,
with an increase in Ct values and symptom improvement at
day 14 (Supplementary Table 3). Only 1 of these 7 patients
had a positive viral culture at day 7, and reinfection was ruled
out by WGS confirming the same Omicron sublineage in all
cases. Vaccine booster dose, the first 2 doses of CoronaVac,
and previous SARS-CoV-2 infection did not significantly affect
Ct values on days 5–14 (Figure 1, Supplementary Table 4).
RATwaspositive in 96%(n= 23/24), 83%(n= 25/30), and17%

(n= 5/30) of samples at days 5, 7, and 10, respectively. All samples
were RAT negative at day 14 (Supplementary Table 5).
A positive viral culture was detected in 46% (n= 11/24) of

samples at day 5, and 20% (n= 6/30) at day 7. No sample had
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a positive viral culture as of day 10. Among samples with pos-
itive viral culture (n= 17), all were RAT and RT-PCR positive,
and the median Ct value was 18 (IQR, 17–19; range, 13–24)
(Supplementary Table 4). Culture positive samples showed
lower median Ct values at day 5 (17 [IQR, 16–18] vs. 21
[IQR, 18–25], P = .002) and day 7 (19 [IQR, 18–21] vs. 22
[IQR, 20–24], P = .01) (Figure 1). On the other hand, samples
with negative viral culture (n= 97) were RAT and RT-PCR pos-
itive in 36 (37%) and 83 (86%) samples, respectively, and the
median Ct value of the RT-PCR–positive samples was 25
(IQR, 22–30; range, 17–35) (Figure 2, Supplementary Table 5).

Both RT-PCR (Ct≤35) and RAT evidenced overall 100% sen-
sitivity and NPV for predicting a positive viral culture. However,
RAT showed an overall specificity of 63% and PPV of 32%, while
RT-PCR evidenced lower specificity (14%) and PPV (17%). The
analysis of the ROC curve of sensitivity and specificity of Ct val-
ues for identification of positive viral culture at days 5–7 showed
that the Ct value of 24 might be a more suitable threshold
(Supplementary Figure 1). The new threshold allowed an im-
provement in the prediction of positive viral culture (PPV=
39%) with the retention of 100% NPV (Supplementary Table 6).

DISCUSSION

Our study found that a minority of vaccinated persons infected
with the SARS-CoV-2 Omicron BA.1 sublineage presented a

positive viral culture as of 5 days of symptoms, and that
RT-PCR and RAT may be surrogates of viral culture positivity.
In addition, we demonstrated that a lower threshold of RT-PCR
Ct values might provide a more suitable cutoff for predicting a
positive viral culture than current cutoffs used for COVID-19
diagnosis.
The proportion of cases with viral culture positivity and the

duration of viral shedding for Omicron herein reported was
similar to 2 previous studies [7, 8] and lower than described
in 2 other studies [9, 10]. However, those previous studies
were heterogeneous regarding the COVID-19 vaccination sta-
tus of the participants, which might influence SARS-CoV-2
shedding [11]. Two of those studies have also shown similar
rates of culture positivity between Omicron and Delta variant
infections [8, 9]. In addition, it has been described that nonse-
vere COVID-19 in immunocompetent patients infected with
Omicron can present a positive viral culture up to day 14 in
8% of the cases [10]. Differences in viral shedding between
SARS-CoV-2 lineages might be attributable to intrinsic charac-
teristics of the variants and to host factors such as COVID-19
vaccine status or inherent immunological characteristics.
We demonstrated that RAT and RT-PCR are appropriate

rule-out tests for prediction of viral culture positivity for
Omicron due to their 100% NPV, although RT-PCR with the
standard cutoff used for COVID-19 diagnosis may be too con-
servative for this purpose because of its substantially low PPV.

Figure 1. Comparison of SARS-CoV-2 RT-PCR Ct values by having received a booster dose (“Booster dose”) of any COVID-19 vaccine, primary vaccination with CoronaVac
(“CoronaVac”) or other vaccines, previous infection with SARS-CoV-2 (“Previous infection”), and viral culture positivity (Culture positive) on each day of symptoms.
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It has been previously shown that RAT and RT-PCR have high
NPV (99%–100% and 100%, respectively) and variable PPV
(50%–70% and 25%–30%, respectively) for predicting viral culture
positivity for Omicron, Delta, and ancestral strains [9, 12, 13]. In
addition, previous studies explored the use of different cutoffs
of Ct values, showing variable improvement in the PPV and
maintenance of 100% NPV using lower Ct cutoffs (23.5–
24.97), similar to our findings [12, 13]. However, those studies
did not collect serial samples from the same group of patients
and the evaluated days of symptoms were variable (mostly
within 5 days of symptom onset), which may influence viral
shedding assessment. Therefore, RAT and RT-PCR are suitable
rule-out tests for viral culture prediction.

Extrapolating the findings from viral culture results to
SARS-CoV-2 infectivity, the present study corroborates current
guideline recommendations for isolation of mild COVID-19 in
immunocompetent persons for 10 days since symptom onset or
for 7 days with a negative RAT or RT-PCR [14], at least for vac-
cinated hosts infected with Omicron.

Our study has limitations. Although the small sample size
might not be representative of the general population, we fol-
lowed the same 30 persons in each collection time point until
symptom resolution, and all the persons were vaccinated with
at least 2 doses of a COVID-19 vaccine. Despite the heteroge-
neity of the booster vaccination status and previous
SARS-CoV-2 infection in our study group, our data showed

that these characteristics did not significantly affect viral shed-
ding. In addition, viral culture possibly underestimates
SARS-CoV-2 infectivity [15]. Moreover, Ct values can vary
from institution to institution and between RT-PCR kits, lim-
iting the interpretation of absolute Ct values of RT-PCR.
In conclusion, vaccinated immunocompetent persons with

mild COVID-19 caused by Omicron are potentially transmissible
up to day 7 since symptom onset. RAT and RT-PCR are useful
rule-out tests for shortening the isolation period up to day 7, and
lower cutoffs of RT-PCR Ct values can improve viral culture pre-
diction. Thus, the routine availability of RT-PCR Ct values may
improve the decision making of the COVID-19 isolation period.

Supplementary Data

Supplementarymaterials are available atThe Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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Figure 2. Real-time reverse-transcription polymerase chain reaction, rapid antigen test, and viral culture positivity (with 95% confidence interval) by days since symptom
onset in persons infected with severe acute respiratory syndrome coronavirus 2 Omicron variant. Abbreviations: Ct, cycle threshold; RAT, rapid antigen test; RT-PCR, real-time
reverse-transcription polymerase chain reaction.
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