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Abstract

Introduction: Current studies estimated a general incubation period distribution of COVID-19 based on early-confirmed cases in Wuhan, and
have not examined whether the incubation period distribution varies across population segments with different travel histories. We aimed to
examine whether patients infected by community transmission had extended incubation periods than the early generation patients who had
direct exposures to Wuhan.

Methodology: Based on 4741 patient case reports from municipal centers of disease control by February 21, 2020, we calculated the incubation
periods of 2555 patients with clear epidemiological survey information and illness development timeline. All patients were categorized into
five groups by their travel histories. Incubation period distributions were modeled for each group by the method of the posterior Weibull
distribution estimation.

Results: Adults aged 30 to 59 years had the most substantial proportion of confirmed cases in China. The incubation period distribution varied
slightly across patient groups with different travel histories. Patients who regularly lived in Wuhan and left to other locations before January
23, 2020 had the shortest posterior median value of 7.57 days for the incubation period, while the incubation periods for persons affected by
local community transmission had the largest posterior median of incubation periods, 9.31 days.

Conclusions: The median incubation period for all patients infected outside Wuhan was 9 days, a bit of more extended than the early estimated
5-day incubation period that was based on patients in Wuhan. Our findings may imply the decreases of virulence of the COVID-19 virus along
with intergenerational transmission.
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Introduction

The epidemic of novel coronavirus disease named
COVID-19, an outbreak from the city of Wuhan, China,
is rapidly spreading worldwide [1]. Some key
epidemiological parameters of this contagious
epidemic, including clinical symptoms and incubation
periods, have been intensively investigated and
disclosed to global communities [2-10]. The incubation
period, the time gap between the date of initial contact
with the transmission source and the symptoms onset
date, is one of the most critical parameters for health
care professionals to observe the illness development
process, recognize viral virulence, and guide pathology
research. However, the estimates on the incubation
period are diversified, although the World Health
Organization recommends the incubation period ranges

from 1 to 14 days with a median of 5 days [11].
However, these studies only depicted a general
incubation period distribution based on the early
confirmed cases who were first found in Wuhan, the
epicenter of this outbreak. These studies have not
examined whether the incubation period distribution
varies across different population segments with
different travel histories.

The research question of this study is whether
patients who were infected by community transmission
have extended incubation periods than the early
generation patients who have direct exposures to
Wuhan. Along with the epidemic continuing, there was
a growing number of patients who became infected
outside Wuhan or by human-to-human transmission
within local communities. These patients, to some
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extent, could be viewed as at least third-or-above
generation patients [12]. Whether these infected
persons have expanded incubation periods compared to
the early generation patients found in Wuhan is an
important question that deserves intensive research.
Identifying the linkage between the incubation period
and intergenerational transmission could help to
forecast epidemic evolution and benefits authorities
outside China to make related arrangements on
addressing COVID-19.

Methodology
Data and Preprocessing

The dataset used for this retrospective study was
collected from the patient case records from municipal
centers of disease control in Mainland of China. By
February 21, 2020, we collected 4741 case records of
patients outside Hubei, Qinghai, and Tibet. It accounts
for 36.86% of the total infected persons in 28 provincial
administration units in Mainland of China.

Although all patients had clear epidemiological
survey information on the probable date and location of

Figure 1. The age-sex pyramid and incubation period by age on
COVID-19-infected persons in China.
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being infected, only approximately 50% of these
patients (n = 2555) had related information on the
illness development timeline, by which we identified
the date of symptoms onset. Further, all 2555 patients
were divided into five groups by their travel histories.
The first group included persons who were infected in
Wuhan, where they regularly resided in but left before
January 23, 2020 when the city was closed off. The
second group included persons who visited or shortly
transited in Wuhan and became infected. The persons
who were infected in a location that is outside Wuhan,
where he or she regularly dwelled in but left, were
categorized into group 3. Additionally, the persons who
briefly visited but became infected in a location outside
Wuhan, which was not where the patient regularly
lived, were sorted into group 4. The persons who did
not have travel histories and just became infected by
community transmission were marked as group 5. We
calculated the incubation period distribution for each

group.

Statistical Methods

Since the Weibull distribution may fit the
incubation period estimation best [8], we conducted
posterior estimates, by the software R.3.60, for patients
from these five groups, respectively [13]. In addition,
Kruskal-Wallis tests were performed to examine the
significance of the intergroup variability in statistics.

Results
Infected Population and Incubation Period by Sex and
Age

The age-sex pyramid of the infected population
shows that the number of infected cases varies
significantly across age (Figure 1). The number of
infected populations increases with age interval from 10
years to 20 years and reaches a peak at the age interval
from 50 to 59. After that, the number of infected
persons decreases evidently. This result shows that
although all population segments are vulnerable to be
infected by SARS-CoV-2, adults, especially middle-
aged adults, have the highest incidence ratio. The
reason is that they have higher possibilities of
contacting direct transmission sources in their daily life
than other population segments. Regarding the
incubation periods, males and females have similar
incubation periods of approximately eight days.
However, the incubation period varies evidently with
age. The age group from 20 to 50 years old had the
shortest duration, while the older age groups in this
study had the most prolonged incubation periods. A U-
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Table 1. Incubation periods for patients with different travel histories.

J Infect Dev Ctries 2020; 14(4):323-327.

Weibull distribution estimates

.. T o o .
Group Living and travel histories N %o Mean 95% CI Median Poste.rlor Shape Scale
median
1 Regularly live in Wuhan and 743 29.08 828  7.19-9.37 7 7.57 1.59 8.45
became infected
o  Visitedortmnsitedin Wuhanand e 536 534 741927 s 8.15 1.83 9.18
became infected
3 Regulary live outside Wuhanand 5, 6.03 812  7.19-9.05 7 8.08 1.78 9.09
became infected
Visited or transited in a location
4 outside Wuhan and became 448 17.53 9.59  8.62-10.5¢ 9 9.11 2.18 10.29
infected
No travel history and became
5 infected by local community 1022 40.00 9.44  8.49-10.38 9 9.31 2.11 10.51
transmission
Sum All patient cases 2555 100 8.98 7.98-9.9 8 8.61 1.88 9.69

shaped relationship possibly exists in incubation period
distributions across ages.

Incubation Period Distribution Variations by Travel
Histories

The patients from group 1 who regularly lived in
Wuhan and left to other locations before January 23,
2020 had the shortest median of seven days for the
incubation period (Table 1 and Figure 2). The posterior
median of the Weibull distribution estimation for
patients from group 1 was 7.57 days, which was the
shortest one among all patient groups. The incubation
period for persons who visited or shortly transited in the
city of Wuhan and became infected on average was
eight days. These two groups of patients were believed

Figure 2. Incubation period distributions of COVID-19 on
Chinese patients with different travel histories.
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1: Live in Wuhan; 2: Visited/transited in Wuhan; 3: Live outside Wuhan;
4: Visited/transited in a location outside Wuhan and became infected; 5:
No travel history and became infected by local community transmission.

to be directly affected by the early generations of
transmission sources. In contrast, persons who became
infected in a location that they regularly resided in that
was outside of Wuhan and left to another site (e.g.,
hometown) had a posterior median incubation period of
8.08 days. The incubation periods for patients who
visited or shortly transited in a location outside Wuhan
and became infected on average were 9.11 days.
Notably, the incubation periods for persons affected by
the transmission within local communities had the
largest posterior median of incubation periods, 9.31
days. The Kruskal-Wallis testing results further show
that patients from group 5 have statistically significant
variances with patients from groups 1, 2, and 3.
Additionally, variations between groups 1 and 4 and
variances between groups 4 and 3 are significant at the
confidence level of 99% and 95%, respectively.

Discussion

Estimating the incubation period is critical to
address the COVID-19 epidemic. The estimates on the
incubation period are being updated continually as an
increasing number of clinical case studies are published
(Figure 3). Two early studies with early infected cases
in Wuhan concluded that the mean incubation periods
were 5.2 and 6.4 days [4,8]. Guan et a/. summarized that
the incubation period ranged from 0 to 24 days, while
the median was three days [9]. Yang et al. [14], using
8866 patients, found that the median incubation period
was 4.75 days, with an interquartile range from 3.0 to
7.2 days. Comparatively, the estimated median value on
the incubation period in this study is longer than that in
other studies. The reason probably lies in the patients
used in this study are patients from outside Hubei
Province rather than the early infected patients first
found in Wuhan.
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The above comparison leads to another issue of
whether the incubation period of COVID-19 virus
changes  with  intergenerational transmissions.
Investigating this issue needs profiling the incubation
period distributions across infected persons with
different epidemiological experiences [15]. According
to this study, patients infected by local community
transmission outside Wuhan had extended incubation
periods. This finding is consistent with Liu et al. [16]
that revealed the cases infected by community
transmission in the city of Shenzhen (n = 33) had a
slightly larger median value of longer incubation period
than 5 days that were derived from the infected cases
with direct travel exposure to Wuhan (n = 25).
Therefore, it seems that the incubation periods for third-
or above-generation patients were more extended than
those of first- or second-generation patients. The
possible reason is that the virulence of this novel
coronavirus may decrease with intergenerational
transmission, although this hypothesis needs intensive
laboratory research at the pathogenicity level. At the
same time, we should note that no evidence currently
demonstrates that the virulence of this virus may peter
out. This study not only supports the policy of
determining the quarantine duration up to 14 days
[9,17], but also suggests the necessity of regulating the
different self-isolation duration for different regions.

J Infect Dev Ctries 2020; 14(4):323-327.

Conclusion

By analyzing 4741 case reports released by China’s
health authorities, this retrospective research confirms
that adults aged 30 to 59 years, who usually have
priorities in immunity and are easily considered to be
insusceptible populations, actually have the most
substantial proportion of COVID-19 infected cases
confirmed in China. Moreover, the incubation periods
of the SARS-COV-2 virus in these population segments
are not longer than that on their counterparts, e.g.,
adolescents and elderly populations. The international
communities then should pay sufficient attention to this
highly contagious epidemic for all populations.
Besides, the incubation period distribution of COVID-
19 may vary slightly among patients with different
travel histories. The median incubation period for all
patients infected outside Wuhan was nine days, a bit of
more extended than the early estimated 5-day
incubation period that was based on patients in Wuhan.
It may suggest that the incubation period of COVID-19
may prolong along with the intergenerational
transmission. Understanding the variability of
incubation periods across different people could help to
identify the linkage between and intergenerational
transmission. Both could facilitate to make appropriate
epidemiological policies on addressing the global
pandemic of COVID-19.

Figure 3. Estimated incubation periods for COVID-19 virus from different studies.

A

Li et al. (2020) l

N =425 ¥
i ean
Backer et al.(2020) 2.5 pIEFCentlIe

{ 95 percentile

97.5 percentile
1

N=88 . I

extremum
]

Guan et al. (2020) I

N =1099 :
Median
Yang et al. (2020)
N = 8866

This study .

I—|—| interquartile

| o

N = 2555 f 1
Median
M

Patients infected in

interquartile 95 percentile
|
! o

local communities
N=1022

Visited or transited in L

interquartile |

U

Megian

cities outside Wuhan ! i
N =448

i O 95 percentile

4 8

12 16 20 24

Incubation period/days

326



Xiao et al. — Incubation period distributions in China

Acknowledgments
Sanming Project of Medicine in Shenzhen
(SZSM201812005).

References

1.

2.

10.

Lancet (2020) Emerging understandings of 2019-nCoV.
Lancet 395: 311.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X,
Huang B, Shi W, Lu R, Niu P, Zhang F (2020) A novel
coronavirus from patients with pneumonia in China, 2019.
New Engl J Med 382: 727-733.

Chen N, Zhou M, Dong X, QuJ, Gong F, Han Y, Qiu Y, Wang
J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, Zhang L (2020)
Epidemiological and clinical characteristics of 99 cases of
2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 395: 507-513.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan
G, XuJ, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X,
Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G,
Jiang R, Gao Z, Jin Q, Wang J, Cao B (2020) Clinical features
of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 395: 497-506.

Lai C, Shih T, Ko W, Tang H, Hsueh P (2020) Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and
corona virus disease-2019 (COVID-19): the epidemic and the
challenges. Int J Antimicrob Agents 55: 1-9.

Wang D, Hu B, Hu C. Zhu F, Liu X, Zhang J, Wang B, Xiang
H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X, Peng Z (2020)
Clinical characteristics of 138 hospitalized patients with 2019
novel coronavirus—infected pneumonia in Wuhan, China.
JAMA 323: 1061-1069.

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung
K, Lau E, Wong J, Xing X, Xiang N (2020) Early Transmission
Dynamics in Wuhan, China, of Novel Coronavirus—Infected
Pneumonia. New Engl J Med 382: 1199-1207.

Backer J, Klinkenberg D, Wallinga J (2020) Incubation period
of 2019 novel coronavirus (2019-nCoV) infections among
travelers from Wuhan, China. Eurosurveillance 25: 2000062.
Guan W, Ni Z, Liang W, Ou C, He J, Liu L, Shan H, Lei C,
Hui D, Du B, Li L (2020) Clinical characteristics of
coronavirus disease 2019 in China. New Engl J Med. In press.
doi:10.1056/NEJMo0a2002032.

Ralph R, Lew J, Zeng T, Francis M, Xue B, Roux M, Toloue
Ostadgavahi A, Rubino S, Dawe NJ, Al-Ahdal MN, Kelvin DJ,
Richardson CD, Kindrachuk J, Falzarano D, Kelvin AA (2020)
2019-nCoV (Wuhan virus), a novel Coronavirus: human-to-
human transmission, travel-related cases, and vaccine

J Infect Dev Ctries 2020; 14(4):323-327.

readiness. J Infect Dev  Ctries.14: 3-17.  doi:
10.3855/jidc.12425.

11. World Health Organization (WHO) (2020) Novel Coronavirus
(2019-nCoV). Situation report-39. 28 February 2020.
Available: https://www.who.int/docs/default-
source/coronaviruse/situation-reports/20200228-sitrep-39-
covid-19.pdf?sfvrsn=aalb80a7 4. Accessed: 8 March 2020.

12. World Health Organization (WHO) (2020) Statement on the
meeting of the International Health Regulations (2005)
Emergency Committee regarding the outbreak of novel
coronavirus (2019-nCoV). Available:
https://www.who.int/news-room/detail/23-01-2020-statement-
on-the-meeting-of-the-international-health-regulations-
(2005)-emergency-committee-regarding-the-outbreak-of-
novel-coronavirus-(2019-ncov). Accessed: 8 March 2020.

13. Stan Development Team (2018) RStan: the R interface to Stan.
R package  version  2.18.2. 2018. Available:
https://cran.rproject.
org/web/packages/rstan/vignettes/rstan.html ~ Accessed: 1
March 2020.

14. Yang Y, LuQ, LiuM, Wang Y, Lu Q, Liu M, Wang Y, Zhang
A, Jalali N, Dean N, Longini I, Halloran M, Xu B, Zhang X,
Wang Li, Liu W, Fang L (2020) Epidemiological and clinical
features of the 2019 novel coronavirus outbreak in China.
Available: https://doi.org/10.1101/2020.02.10.20021675.
Accessed: 10 Feburary 2020.

15. Puca E, Qato M, Pipero P, Akshija I, Kote M, Kraja D (2019)
Two cases of imported hemorrhagic fever with renal syndrome
and systematic review of literature. Travel Med Infect Dis 28:
86-90.

16. LiuJ, Liao X, Qian S, Yuan J, Wang F, Liu Y, Wang Z, Wang
F, Liu L, Zhang Z (2020) Community transmission of severe
acute respiratory syndrome coronavirus 2, Shenzhen, China,
2020. Emerg Infec Dis 26. Available:
https://doi.org/10.3201/eid2606.200239. Accessed: 11 March
2020.

17. Wang F, Zhang C (2020) What to do next to control the 2019-
nCoV epidemic? Lancet 395: 391-393.

Corresponding author

Dr. Zhiqgiang Luo

Shenzhen Children’s Hospital with China Medical University,
No. 7019, Yitian Road, Futian District, Shenzhen, Guandong,
China, 518038

Tel: 0755-83936101

Fax: 0755-83009800

Email: zhiq211@126.com

Conflict of interests: No conflict of interests is declared.

327



	Introduction
	Methodology
	Data and Preprocessing
	Statistical Methods

	Results
	Infected Population and Incubation Period by Sex and Age
	Incubation Period Distribution Variations by Travel Histories

	Discussion
	Conclusion
	Acknowledgments
	References

