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Based on exposure history and symptom onset of 22 Omicron BA.1 cases in South Korea from November to
December 2021, we estimated mean incubation period of 3.5 days (95% CI: 2.5, 3.8), and then compared to that
of 6.5 days (95% CI: 5.3, 7.7) for 64 cases during Delta variants' dominance in June 2021. For Omicron BA.1
variants, we found that 95% of symptomatic cases developed clinical conditions within 6.0 days (95% CI: 4.3,
6.6) after exposure. Thus, a shorter quarantine period may be considered based on symptoms, or similarly

laboratory testing, when Omicron BA.1 variants are circulating.

1. Introduction

Since the end of 2019, COVID-19 continuously posed threat to public
health globally [1]. The novel genetic mutations of SARS-CoV-2 have
continually challenged the control system for the COVID-19 pandemic,
making it critical to monitor key epidemiological parameters for un-
derstanding the transmission and clinical characteristics of emerging
variants [2,3]. The incubation period is defined as the time interval
between exposure and onset of illness for symptomatic infections [4],
which is important to inform quarantine policies, to study transmission
dynamics of an infectious disease, and to assess the effectiveness of entry
screening [5,6]. While estimates of incubation period can be found in
literature for various historical SARS-CoV-2 strains [7,8], the knowledge
of incubation period for Omicron variants remains largely unassessed.

In this study, we collected information on exposure history and
symptom onset of 22 Omicron BA.1 (i.e., B.1.1.529.1) cases in South
Korea from November to December 2021, and estimated distribution of
incubation period, which was then compared to that of 64 cases during
Delta (i.e., B.1.617.2) variants' dominance in June 2021.

2. Methods
2.1. Data collection

Based on the information of COVID-19 cases who tested positive for
SARS-CoV-2 previously published [9,10], we extracted exposure history
and symptom onset date for patients with this information available. To
use for incubation period estimation, we identified 22 cases laboratory-
confirmed for Omicron BA.1 variants who were reported in South Korea
from November 25 to December 31, 2021, and for comparison, we also
included 64 cases reported in June 2021 when the Delta variants were
dominant at a prevalence of 68.3% according to GISAID [11]. The
exposure history was translated into exposure time window with upper
and lower bounds of exposure date, which will be used for the calcula-
tion of the likelihood. Among these 86 (64 + 22) patients, all of them
have illness onset date observed. Among the 22 identified Omicron BA.1
cases, 21 of them have both lower and upper bounds of exposure date,
while 1 only has the upper bound of exposure date, and 12 cases during
Delta dominance have both lower and upper bounds but 52 only have
the upper bound.
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2.2. Statistical analysis

Log-normal, gamma, and Weibull were among the most common
distributions applied to estimate the incubation period [6]. The gamma
distribution has a more concise mathematical expression compared to
the other two distributions, hence less computational power is required
to estimate the parameters. In this study, two different Gamma distri-
butions were adopted to govern the distributions of incubation period
for Omicron BA.1 cases and cases during Delta variants' dominance,
respectively. For the samples with both lower and upper bounds of
exposure date, i.e., with exposure window, we calculated the likelihood
with interval censoring [6]. For the remaining samples only with upper
bound of exposure date observed, we assumed an exponential distri-
bution indexed by this upper bound backwardly, and calculated the
likelihood with convolution between Gamma distribution of incubation
period of the assumed exponential distribution [12,13]. We assumed the
exponential infectiousness distribution has a mean of 3.7 days, which
corresponded to the mean infectious period estimated in previous
research [14]. We calculated the maximum likelihood estimators of
mean and standard deviation of the Gamma distributions. To evaluate
the statistical uncertainty, we used a parametric bootstrap with 1000
iterations of resampling to obtain 95% confidence intervals (CI) for each
parameter. Limiting the dataset to those with exposure window
observed, i.e., with both lower and upper bounds, we repeated the
estimation with only 21 samples for Omicron BA.1, and 12 samples for
Delta dominance period, respectively.

Sensitivity analysis was conducted by assuming shorter and longer
versions of the exponential-distributed exposure window with 2.8 and
4.6 days to repeat the estimation. Additionally, to relax the exponential
assumption for the missing exposure window, we assumed the exposure
windows of those samples only with upper bound of exposure date
observed following an empirical distribution from the samples with both
lower and upper bounds of exposure date observed.

3. Results and discussion

For the 22 cases infected by Omicron BA.1 variants, the estimated
mean incubation period was 3.5 days (95% CI: 2.5, 3.8), and SD was 1.4
days (95% CI: 1.0, 1.5), see Fig. 1. We found that 50%, 95% or 99% of
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Fig. 1. Estimated cumulative distributions of incubation period for Omicron
BA.1 variants (in blue), and for cases during Delta dominance (in red). The
statistical uncertainty was illustrated by 100 bootstrap estimates, which were
curves in light colors, and the mean estimates were the bold curves in dark
colors. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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symptomatic cases may present clinical conditions within 3.3 days (95%
CIL: 2.4, 3.7), 6.0 days (95% CI: 4.3, 6.6) or 7.4 days (95% CI: 5.3, 8.2)
after exposure, respectively. When limiting dataset to the 21 samples
with exposure window observed, the mean incubation period decreased
was estimated at 3.2 days (95% CI: 2.3, 3.8), see Table 1.

By contrast, for the 64 cases identified during Delta dominance, the
estimated mean incubation period was 6.5 days (95% CI: 5.3, 7.7), and
SD was 3.7 days (95% CIL: 2.9, 4.6). We found that 50%, or 95% of
symptomatic cases may present clinical conditions within 5.9 days (95%
CL: 4.4, 7.1), or 13.6 days (95% CI: 11.1, 15.9) after exposure,
respectively.

For the sensitivity analysis, we found that the estimates with either
shorter or longer version of exposure bound are consistent with main
results in similar scales, which suggested the robustness of our findings,
see Supplementary Materials. By using empirical distribution for those
with missing exposure window, we found that the estimates were largely
in line with the main results.

The mean and percentiles of incubation period of Omicron BA.1
variants were found considerably shorter than those of cases during
Delta dominance period, as well as previous estimates based on other
historical SARS-CoV-2 strains [15,8]. Given the pre-symptomatic
transmission feature of SARS-CoV-2 infection [16], a shorter incuba-
tion period indicated the Omicron BA.1 cases are likely to have a rela-
tively higher rate at which they become new sources of infection to other
susceptible individuals. Theoretical study also suggests that the gener-
ation time may be shortened with a short latent period [17], which is
roundly equal to or less than the incubation period, and thus the Omi-
cron BA.1 variants may lead to a lower period doubling time for
epidemic curve regarding advantageous transmissibility in natural
population and escape feature against herd immunity [18,19].

Linking our findings to the disease control measures, some countries
and regions have been using quarantine and entry screening as control
measures against COVID-19. The initial quarantine periods were 14
days, and then extended to 21 days in some areas [20]. Although a
longer quarantine period may lower the risk of disease spread in com-
munity, people under quarantine or isolation were at risk of adverse
mental health outcomes suggested by synthesized evidence [21], espe-
cially when the containment duration is longer than one week.
Considering the latent period was typically shorter than incubation
period [5], our estimates of the 99-th percentile at 7.2 days suggested a
7-day quarantine with PCR tests could be sufficient to detect around
99% of infections of Omicron BA.1 variants, and PCR tests have been
confirmed effective to filter asymptomatic patients before they have
onset of illness [22,23].

There are some limitations in this study. First, for cases collected
during Delta dominance period, we could not confirm these cases were
infected by Delta variants due to the lack of genetic sequencing data. We
could only conclude that the Delta variants were dominant at a preva-
lence of 68.3% in June 2021 in South Korea. Second, we adopted a
Gamma distribution to govern the observed incubation period distri-
bution, where symptoms were assumed to start immediately after
infection. This may not be biologically reasonable, where a certain but
minor lag may exist for patients to develop symptoms. Third, the
exposure windows and illness onset time for patients can only be ac-
curate to days. Therefore, a maximum of one-day error may exist in our
determination of the intervals of exposure and symptom onset. Last, our
estimate may be subjected to reporting and recall biases. It is suggested
to further explore the heterogeneity of the incubation period among
different SARS-CoV-2 Omicron variants, in order to adjust the disease
control measures.
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Table 1
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Summary of incubation period estimates (unit: day) for cases infected by Omicron BA.1 variants and cases during Delta predominance period in South Korea.

Type of SARS-CoV-2 strain sample® estimate (95%CI)
type of sample sample size mean median 95-th percentile SD
Omicron BA1 all samples n=22 3.5(2.5, 3.8) 3.3(2.4,3.7) 6.0 (4.3, 6.6) 1.4 (1.0, 1.5)
: with exposure window n=21 3.2(2.3,3.8) 3.1(2.2,3.6) 5.5 (4.0, 6.6) 1.3 (0.9, 1.5)
those during Delta dominance® all samples n =64 6.5 (5.3,7.7) 5.9(4.4,7.1) 13.6 (11.1,15.9) 3.7 (2.9, 4.6)
8 with exposure window n=12 8.7 (6.0, 11.6) 8.1 (5.5,11.0) 16.0 (10.5, 21.0) 3.8(2.4,5.6)

Notes

$ These cases were collected in June 2021 when the Delta variants were dominant at a prevalence of 68.3% in South Korea according to GISAID [11].
& The samples “with exposure window” are those with both lower and upper bounds of exposure date observed, whereas “all samples” included the samples with

exposure window and sample with only upper bound of exposure date observed.
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