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Background: The incubation period of the coronavirus disease 2019
(COVID-19) is estimated to vary by demographic factors and the COVID-19
epidemic periods.

Objective: This study examined the incubation period of the wild type of
SARS-CoV-2 infections by the different age groups, gender, and epidemic
periods in South Korea.

Methods: We collected COVID-19 patient data from the Korean public
health authorities and estimated the incubation period by fitting three different
distributions, including log-normal, gamma, and Weibull distributions, after
stratification by gender and age groups. To identify any temporal impact on
the incubation period, we divided the study period into two different epidemic
periods (Period-1: 19 January—19 April 2020 and Period-2: 20 April—16
October 2020), and assessed for any differences.

Results: We identified the log-normal as the best-fit model. The estimated
median incubation period was 4.6 (95% Cl: 3.9-4.9) days, and the 95th
percentile was 11.7 (95% Cl: 10.2-12.2) days. We found that the incubation
period did not differ significantly between males and females (p = 0.42), age
groups (p = 0.60), and the two different epidemic periods (p = 0.77).

Conclusions: The incubation period of wild type of SARS-CoV-2 infection
during the COVID-19 pandemic 2020, in South Korea, does not likely differ
by age group, gender and epidemic period.

KEYWORDS

SARS-CoV-2, COVID-19, incubation period, log-normal distribution, quarantine,
Korea

Introduction

The incubation period of an infection is defined as the time interval between
exposure to the source of infection and the onset of the first clinical signs and
symptoms (1). Identifying the incubation period is crucial to determine the quarantine
period for persons who might have been exposed to an infectious agent and to
assist in the monitoring, surveillance, control, and modeling of the infectious disease
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(2, 3). Coronavirus disease 2019 (COVID-19) caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) was declared a pandemic by the World Health Organization
on 11 March 2020 (4), and as of 4 August 2021, over 200 million
cases and 4.2 million deaths from COVID-19 have been reported
worldwide (5). In South Korea, since the first COVID-19 case
was reported on 19 January 2020 (6), a quarantine of 14 days
was instituted for all suspected individuals who were exposed to
a laboratory-confirmed COVID-19 case (7).

Previous studies in Korea have estimated the incubation
period of COVID-19 based only on COVID-19 cases from
Busan city during the early stage of the COVID-19 pandemic
(8) and using the viral load data in hospitalized patients (9).
However, the incubation period tends to be shorter during the
early stage of the COVID-19 pandemic due to biases in case
ascertainment (10). Although other more virulent COVID-19
variants such as the Delta variant (B.1.617.2) and Omicron
(B.1.1.529) have emerged in South Korea (11, 12), having more
information about the wild-type COVID-19 is important for the
understanding of the complete epidemiological picture of the
early COVID-19 pandemic.
examined COVID-19 patient data after
stratification by age, gender, and epidemic period to identify the
effect of these factors on the COVID-19 incubation period in
South Korea.

Here, we

Methods

We used the COVID-19 case data published by the
South Korean public health authorities including local and
provincial department of public health. As part of the COVID-
19 monitoring and evaluation strategy, departments of public
health in South Korea collected and published information of
all new cases on their webpages. We collected data pertaining
to sociodemographic characteristics, including age, gender, and
city of residence, as well as information on the date of onset of
symptoms (the date reported by the patient on which the clinical
symptoms first appeared), travel history, contact history, date
of laboratory confirmation, and exposure dates. Patients were
independently screened by the health personnel for the presence
or absence of COVID-19-related symptoms. To ensure the
reliability of our analysis, we included only laboratory confirmed
COVID-19 cases with complete available data on the date of
symptom onset and date of possible SARS-CoV-2 exposure.
A confirmed COVID-19 case was defined as an individual
with a positive real-time reverse transcription-polymerase chain
reaction for SARS-CoV-2, consistent with the protocol approved
by the Korea Centers for Disease Control Agency (7).

We used three commonly used distributions (log-normal,
gamma and Weibull) for the incubation period and selected the
best-fit model by comparing the Akaike Information Criterion
(AIC) values for the three types of models (13, 14). We used the
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three common distributions of incubation period through the
probability density function.

The probability density function for the log-normal
distribution, f7 N, is given as:

fin € ) 1 1 /Inx—pu 2 0
X p,0) = ——exp | —= , x>0,
LN I3 o2 p 2 o

where g is the location parameter (the mean of the natural

logarithm of the distribution), and ¢ > 0 is the scale
parameter (the standard deviation of the natural logarithm of
the distribution).

The probability density function for the gamma distribution,

fG> is expressed as:

ﬁC{
I' (@)

foxa, B) = P exp (—Bx), x > 0,
where a > 0, 8 > 0 and T" are the shape, rate parameter
(which is the reciprocal of the scale parameter), and the gamma
function, respectively.

The probability density function of the Weibull distribution,

fw, is given as:

fw (x: 2 k) = ; (%)k_l exp (— (;)k) , x>0,

where kK > 0 and A
parameter, respectively.
We selected the model with the smallest AIC value as
the best-fit model. Then, we considered two epidemic periods,
based on the two epidemic waves of COVID-19 in South Korea
(Period-1: 19 January—19 April 2020 and Period-2: 20 April—16
October 2020) (15). Due to the nature of the initial COVID-
19 dataset which included cases from 18 years and above, we

> 0 are the shape and scale

categorized the data into broadly defined age-groups based on
review of literature. These age groups were: young adults (18-35
years), middle-aged adults (36-55 years), and older adults (>55
years) (16).

All
epidemiological

our statistical analyses for and

of the
were stratified by the two epidemic periods. The mean,

demographic
characteristics confirmed cases
median, and 95th percentile of the incubation period was
estimated. Descriptive data are reported as frequency counts
and percentages. The Chi-squared test was used to identify any
significant differences in the demographic variables, and p-
values < 0.05 were considered to indicate statistical significance.

All analyses were conducted using R software, version 4.0.1 (17).

Results
A total of 287 confirmed COVID-19 cases were included

in this study, with 48.8% of patients being females and 39.4%
patients in the age group 18-35 years. We estimated the overall
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TABLE 1 Estimated incubation period for all confirmed
COVID-19 cases.

Parameter  Log-normal Weibull Gamma
model model model

Mean (95% 4.72 (3.96-4.85) 3.51 (3.01-3.82) 4.56 (3.94-4.83)

CI)

Median 4.61 (3.09-4.85) 4,01 (2.91-4.48) 3.82 (3.11-4.71)

(95% CI)

95th 11.74 10.83 8.17 (7.95-8.58)

percentile (10.18-12.22) (10.01-11.57)

(95% CI)

AIC 1,604.00 1,635.39 1,614.84

AIC, Akaike Information Criterion; CI, Confidence interval; Unit, days.

median incubation period of COVID-19 to be 4.61 (95% CI:
3.92-4.85) days. The log-normal model was the best-fit model
with the lowest AIC (1,604.0) compared to the Weibull (1,635.4)
and gamma models (1,615.8) (Table 1).

No significant differences were observed between the
subgroups (Table 2). The log-normal model showed the best fit
for all subgroups after stratification by gender, epidemic period,
and age group (Figure 1). Males had a slightly longer median
incubation period of 4.94 (95% CI: 4.41-5.04) days compared to
females with 4.63 (95% CI: 4.23-4.79) days, but this difference
was not significant (p = 0.41). After stratification by epidemic
period, the median incubation time for period-1 was slightly
longer; [4.81 (95% CI: 4.31-4.99) days] than that for period-2
[4.44 (95% CI: 4.41-4.59) days]. The observed difference, was
not significant (p = 0.77). Considering age groups, the median
incubation period for the middle-aged adults was longer [4.95
(95% CI: 4.39-5.01) days] than that for other age groups [18-
35 years: median 4.83 (95% CI: 4.57-4.97) days], 36-55 years:
median 4.95 (CI: 4.39-5.01) days, and 55 years and above:
median [4.34 (95% CI: 3.96-4.48) days]. However, we found that
there was no statistical difference (p = 0.60) (Table 3).

Discussion

This study was conducted to identify the effect of patient
factors such as age and gender and factors related to the
time on exposure to SARS-CoV-2 such as epidemic period
on the incubation time of COVID-19 in South Korea. It is
essential to determine the incubation period of an infection
that has become an epidemic and even a pandemic, because
it plays a key role to determine the quarantine period for the
infectious disease.

Previous studies suggested that shorter incubation periods
are more likely to be observed in the growing phase of an
epidemic (10). The median incubation period of COVID-
19 estimated in this study (median of 4.6 days) was longer
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TABLE 2 Characteristics of patients with laboratory-confirmed
COVID-19 included in this analysis (N = 287).

Variable Total, n Period-1,  Period-2, p-value
(%) ACONEAC)

Age (years) 0.60

18-35 113 (39.4) 64 (40) 49 (38.6)

36-55 83 (28.9) 49 (30.6) 34 (26.8)

>55 91 (31.7) 47 (29.4) 44 (34.6)

Gender* 0.97

Female 140 (51.5) 83 (51.9) 57 (50.9)

Male 132 (48.5) 77 (48.1) 55 (49.1)

n (%), number and percentage, p-value: we used the Chi-square test to check for any
significant differences, Period-1: 19 January—19 April 2020 and Period-2: 20 April—16
October 2020.

“There were 15 entries without a gender allocation.

than that reported in a previous study (median of 3.0 days)
carried out in South Korea during the growing epidemic of
COVID-19 (February—March 2020) (8). However, our estimated
incubation period was shorter than that reported by other
studies conducted in China and Vietnam (5.1 and 6.1 days,
respectively) (11, 12). A previous study demonstrated that the
incubation period is affected by the level of contact tracing
due to missed intermediate exposure events or misperceived
exposure times (18). In contrast to China and Vietnam, South
Korea has implemented an active strategy to control COVID-
19 consistently, involving strict continuous contact tracing and
extensive testing to detect COVID-19 cases (15). Therefore, the
difference in the control strategy and contact tracing efforts
could have led to the difference in the estimated incubation
period. Nevertheless, the difference could also be explained by
the heterogeneous nature of the case data, biological variations
among the different populations, and different variants of SARS-
CoV-2 (19).

In our study, the log-normal distribution proved to be the
best-fit model for our data because it had the lowest AIC value
than the other two models. This was similar to a previous study
which found the log-normal model to be the best-fit model
(10) and coherent with previous reports that the incubation
period of acute respiratory viral infections follows a log-normal
distribution (20).

The incubation period did not differ significantly by gender,
age group, and epidemic period which is in line with a previous
study (8). However, another previous study demonstrated that
the mean incubation period for male patients (8.0 days) was
longer than that for female patients (4.8 days) (21). Regarding
age, another study reported a significantly longer median
incubation period for elderly patients over 60 years (7.7 days)
than for young patients under 30 years (4.0 days) (22). These
findings bring out the possibility that the distribution of the
incubation period could be dependent to some extent on gender

frontiersin.org


https://doi.org/10.3389/fpubh.2022.905020
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Achangwa et al.

10.3389/fpubh.2022.905020

A
o
(=]
- Male
= —— Female
8
8o
]
—
[
=
o
B
N
5. o 18-35 year old
= —— 36-55 year old
= — >55yearold
| d ¢
o ©
(]
S
o
Q
©
C
o
s © Period-1
= — Period-2
2 o
o o
(@]
S
o
Q
o
0 5 10 15 20
Days from infection to symptom onset
FIGURE 1
Distribution of the COVID-19 incubation period after stratification by gender, age group, and epidemic period (Period-1: 19 January—19 April
2020 and Period-2: 20 April—16 October 2020) for the confirmed cases using the log-normal distribution model. (A) Estimated median
incubation period after stratification by gender: male (median: 4.9 days); female (median: 4.6 days). (B) Estimated median incubation period after
stratification by age: young adults (median: 4.8 days), middle-aged adults (median: 5.0 days), older adults (median: 4.3 days). (C) Estimated
median incubation period after stratification by epidemic period: Period-1 (median: 4.8 days), and Period-2 (median: 4.4 days).

and age. In addition, the difference in host immunity by age,
could result in different incubation periods (22). In addition, we
postulate that the elderly could have more recall bias and could
potentially ignore early COVID-19-related symptoms and only
report later when symptoms become severe. This was similar
to reports by a previous study stating that patients with severe
COVID-19 disease at onset were older in age than those with
non-severe disease (23).

Although  the
populations  for
of
some differences

different
a given

incubation period across
infectious disease under
circumstances should be
in the
The

affected by factors such as the infectious dose of an

an
found
the
probably

set similar, we
incubation period across
study population. incubation period is
infectious agent. However, additional study is needed to
demonstrate this.

Although our results provide evidence to support the length

of quarantine or active monitoring of exposed persons during
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the COVID-19 pandemic 2020, longer monitoring periods
might be required and justifiable in severe cases (24).

This study is among the first studies on the COVID-19
incubation period stratified by two epidemic periods carried out
using pooled data in COVID-19 pandemic 2020, South Korea.
Moreover, we used three different models for estimating the
incubation period and identified the model that best fitted with
our data.

This study has some limitations. First, we conducted a
retrospective estimation of the incubation period using already
collected data, which could be subject to estimation bias as the
COVID-19 epidemic continued growing at the time of writing
of this manuscript (10). However, for the latter phase of the
epidemic in our study (June-August 2020), the daily number
of COVID-19 cases was stable (15). Second, we eliminated
some of the extracted data because of incomplete information.
Third, using publicly reported data may overrepresent cases
with severe signs and symptoms, the incubation period for
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TABLE 3 Estimated incubation period for confirmed COVID-19 cases stratified by gender, epidemic period, and age group (years).

10.3389/fpubh.2022.905020

Sub-group Parameter Log-normal model Weibull model Gamma model
Gender
Male Mean (95% CI) 4.98 (4.43-5.09) 3.78 (3.33-3.97) 459 (4.05-4.71)
Median (95% CI) 4.94 (4.41-5.04) 4.24 (3.90-4.43) 4.08 (3.90-4.47)
95th percentile (95% CI) 12.62 (11.69-12.97) 11.11 (10.97-11.49) 11.04 (10.83-11.89)
AIC 647.50 651.67 681.89
Female Mean (95% CI) 4.68 (4.25-4.89) 3.55 (3.10-3.91) 4.83 (4.03-4.99)
Median (95% CI) 4.63 (4.23-4.79) 3.87 (3.11-3.95) 3.81(3.21-4.0)
95th percentile (95% CI) 12.14 (10.94-12.87) 11.48 (10.92-11.61) 11.19 (10.86-11.41)
AIC 673.27 691.57 647.41
Epidemic period
Period-1 Mean (95% CI) 4.89 (4.33-5.03) 3.86 (3.31-3.98) 4.73 (4.22-4.95)
Median (95% CI) 4.81 (4.31-4.99) 3.96 (3.39-4.01) 3.87 (3.41-4.83)
95th percentile (95% CI) 13.04 (12.77-13.47) 11.74 (10.45-12.01) 11.63 (9.98-11.99)
AIC 787.13 800.03 793.97
Period-2 Mean (95% CI) 447 (4.45-5.01) 3.82 (3.04-4.01) 439 (3.90-4.69)
Median (95% CI) 4.44 (4.41-4.59) 3.86 (3.33-3.99) 3.87 (3.43-3.98)
95th percentile (95% CI) 10.57 (10.04-10.97) 10.02 (9.57-10.33) 9.66 (8.64-9.82)
AIC 814.30 834.48 817.57
Age-group
18-35 Mean (95% CI) 4.88 (4.59-4.99) 4.03 (3.90-4.33) 4.83 (4.10-5.11)
Median (95% CI) 4.83 (4.57-4.97) 3.95(3.34-4.11) 4.05 (3.71-4.23)
95th percentile (95% CI) 12.58 (10.97-12.78) 1221 (11.97-12.54) 11.66 (10.87-11.81)
AIC 552.65 57175 563.20
36-55 Mean (95% CI) 4.98 (4.04-5.19) 3.28 (2.97-3.66) 4.82 (4.01-4.97)
Median (95% CI) 4.95 (4.39-5.01) 4.32 (3.91-4.57) 4.18 (3.98-4.41)
95th percentile (95% CI) 12.40 (11.91-12.85) 10.53 (9.79-10.98) 10.85 (10.01-11.20)
AIC 403.67 404.04 406.17
>55 Mean (95% CI) 4.38 (3.96-4.58) 3.21(2.99-3.54) 428 (3.86-3.76)

Median (95% CI)
95th percentile (95% CI)
AIC

4.34 (3.96-4.48)
11.02 (10.8-11.65)
423.25

3.72(3.19-4.12)
9.97 (9.18-10.07)
429.62

3.65 (3.01-3.77)
9.91 (9.12-10.46)
42525

AIC, Akaike Information Criterion; CI, Confidence interval; Unit: days; Period-1: 19 January—19 April 2020 and Period-2: 20 April—16 October 2020.

which may be different from that of mild cases. Fourth, at
the time of writing of this manuscript and based on the line
list data available to us, complete information about patient
exposure and clinical evolution was limited, therefore we
could not assess the relationship between exposure and the
incubation period.

With the current surge in Omicron cases in Korea,
continuous multi-layered interventions including case
finding and contact tracing, as well as non-pharmaceutical
interventions and booster vaccination will be beneficial
for its control (25). We recommend that studies on the
COVID-19 incubation period also consider the different
COVID-19 variants to understand the transmission dynamics
of COVID-19 better.
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