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Abstract
Background

The incubation period is a key index of epidemiology in understanding of the spread of infectious
diseases and the decision-making of the disease control. However, the incubation period of the emerging
COVID-19 is still unclear.

Methods

Between January 19, 2020 and September 21, 2020, we collected information on 11545 patients in
Mainland China outside Hubei. The 218 patients with precise data was validation population. The
incubation period was fitted with lognormal model by the coarseDataTools package in R.

Results

In 11545 patients, the mean incubation period of COVID-19 was 7.1 days (95% Confidence interval [CI],
7.0-7.2). About 5.4% of patients had precise incubation period less than 3 days, 10.2% longer than 14
days, and 2.1% longer than 21 days. There was no statistically significant difference in incubation period
between male and female (P=0.603). It was similar in the 218 patients. The mean accurate incubation
period was 6.8 days (6.2—7.4). Of which, 14.7% (32/218) of patients had incubation period less than 3
days, 12.4% (27/218) longer than 14 days, and 0.9% (2/218) longer than 21 days.

Conclusions

For COVID-19, the mean incubation period is 7.1 days and 10.2% of patients developed disease 14 days
after infection, which challenges the current 14-day quarantine strategy.

Background

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus (SARS-
CoV-2), has spread over 223 countries and was declared a pandemic on March 11, 2020, by World Health
Organization '. The number of COVID-19 patients is rapidly increasing globally. There were more than
113.5 million confirmed cases and 2.5 million deaths globally by March 2, 2021". The pandemic of
COVID-19 has become a worldwide public health issue.

Incubation period, known as the interval between initial infection and onset of disease, is an important
index to characterize the spread of infectious disease and formulate quarantine measures. For example,
the mean incubation period is often used to calculate the reproduction number, and the maximum
incubation period is the evidence to inform the duration of quarantine. In previously published studies, the
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mean/median incubations period of COVID-19 varied from 2.87 days? to 17.6 days®. Most patients with
COVID-19 had exposure intervals longer than one day, so the exact date of their infection cannot be easily
determined. Several studies used the earliest exposure time to define of the infection date and provided
mean incubation periods of COVID-19 of about 8 days in mainland China outside Hubei province #7°.
Other studies used the latest exposure time to define of the date of infection and reported a shorter mean
incubation periods of COVID-19 of about 5 days ’~°. Obviously, the incubation period of COVID-19 was
overestimated using the earliest exposure and underestimated using the latest exposure, which resulted
in unreliable incubation periods. For the patients with unclear data on the date of infection or the date of
onset of disease, Nicholas et al provided a method to represent their data as doubly interval-censored to
accurate the incubation period distribution 9. This method has been used to estimate the incubation
period in several previously studies with less than 1200 patients with COVID-19 11713, but the sample size
of these studies is much smaller than the total number of patients. Therefore, a study with large sample
is needed to estimate the incubation period of COVID-19.

This study aims to estimate the incubation period of COVID-19. We collect the information on confirmed
cases with COVID-19 in mainland China outside Hubei and extract data from 11,545 patients to estimate
the incubation periods. To verify the reliability of incubation period, sensitivity analysis is performed in
patients with precise date of infection and onset of disease.

Patients And Methods
Study Population

By September 21, 2020, a total of 17168 patients with COVID-19 have been diagnosed with positive
nucleic acid and clinical symptoms in Mainland China outside Hubei. Among them, the available
information of 11545 patients can be collected from the national and local health commissions in China
14 We extracted the patients’ information including age, sex, date of the earliest exposure, date of the
latest exposure, date of the nucleic acid test report, date of onset of disease, date of first visit, and date of
diagnosis. All 11545 patients were included to estimate the incubation period.

Further, 218 patients with precise date of infection and onset of disease were selected to estimate the
accurate incubation period. The exclude criteria included that the patient 1) did not report the date of
onset of disease, 2) did not report the date of the earliest exposure or the date of the latest exposure, and
3) had exposure intervals longer than 1 day.

This study was approved by the Zhengzhou University Medical Ethics Committee (Zhengzhou, China).
The information on all cases was collected from publicly available sources, and informed consent was
waived.

Date Of Onset And Date Of Infection
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The incubation period was defined as the time interval between the date of infection and the date of
onset of disease. There were 7303 patients with the date of onset of disease (Definition 1). In the patients
without the date of onset, we defined the date of onset as the date of first visit minus 2.5 days (Definition
2) or the date of diagnosis minus 5.4 days (Definition 3) 4. The date of infection is between the date of
the earliest exposure and the date of the latest exposure. If exposed to the source of infection only within
one day, the date of infection is the date of exposure, otherwise it was represented as doubly interval-
censored 0. When the date of the latest exposure was not reported, we defined it as the earliest date
among date of the nucleic acid positive, date of onset of disease, date of first visit, and date of diagnosis
minus one days. When the date of the earliest exposure was not reported or the exposure interval (from
the earliest exposure to the latest exposure) was longer than 14 days, we defined it as the date of the
latest exposure minus 14 days.

Statistical Analysis

We presented mean ((95% Confidence interval [Cl]) for continuous variables and count (percentage) for
categorical variables. The distribution curve of the incubation period was fitted with lognormal model by
"coarseDataTools" package in the R software 19. Wilcoxon signed-rank test was used to compare
differences in subgroup analysis by age and gender. Significantly difference was identified with adjusted
Pvalue with false discovery rate at 0.05. Sensitivity analysis explored the impact of different definitions
of date of onset.

Statistical analyses were conducted using R version 4.0.2. Two-sided P < 0.05 indicated statistically
significant.

Results
Estimating incubation period in observation study

Table 1 presents the characteristics of 11545 patients with COVID-19. The median age was 45 years (IQR:
33-56), and there were 5814 males (52.7%). The mean incubation period is 7.1 days (95% CI, 7.0-7.2) in

total population. The fitted curve (Fig. 1) shows that there are 5.4% of patients with the incubation period

less than 3 days, 10.2% more than 14 days, and 2.1% more than 21 days.
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Table 1
Characteristics of 11545 patients with Coronavirus disease 2019

No. of patients Mean incubation period P
(%) (95% ClI)
Total 11545 (100%) 7.1 (7.0-7.2)
Gender 0.603
Male 5814 (52.7%) 7.2 (7.0- 7.4)
Female 5215 (47.3%) 7.1 (6.9-7.3)
Age, years <0.001
<18 460 (4.4%) 8.6 (8.0-9.3)
18-40 3789 (36.3%) 7.2 (7.0-7.4)
41-60 4425 (42.3%) 7.1 (6.9-7.2)
>60 1777 (17.0%) 7.0 (6.6-7.3)
Definition of date of onset 0.319
Definition 1 7303 (63.2%) 7.1(7.0-7.3)
Definition 2 2168 (18.8%) 7.0 (6.7-7.3)
Definition 3 2074 (18.0%) 7.3 (7.0-7.6)
Cl, Confidence interval

Definition 1, using the reported date of onset;
Definition 2, defined as the date of first visit minus 2.5 days;
Definition 3, defined as the date of diagnosis minus 5.4 days.

The population-specific incubation periods are presented in Table 1 and Fig. 2. The mean incubation
period is 7.2 days (7.0-7.4) in male and 7.1 days (95% Cl, 6.9-7.3) in female (P=0.603). Moreover, it is
8.6 days (95% Cl, 8.0-9.3), 7.2 days (95% Cl, 7.0-7.4), 7.1 days (95% Cl, 6.9-7.2), and 7.0 days (95% CI,
6.6—7.3) in patients under 18 years, 18-40 years, 41-60 years, and over 60 years, respectively (P<
0.001).The incubation period is robust among Definition 1 (mean [95% Cl] 7.1 days [7.0—-7.3], Definition 2
(7.0 days [6.7-7.3]), and Definition 3 (7.3 days [7.0-7.6]) (P=0.319).

Table 2 presents the characteristics of 218 patients with precise data. The median age was 47 years (IQR:
35-56), and there were 121 males (56.3%). The mean accurate incubation period is 6.8 days (95% Cl,
6.2-7.4). Figure 3 shows the distribution of the accurate incubation periods in 218 patients. The shortest
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and longest accurate incubation period are 1 day and 26 days, respectively. There are 8 patients (3.7%)
with an incubation period of 1 day, 32 (14.7%) not exceeding 3 days, 27 (12.4%) more than 14 days, and 2
(0.9%) more than 21 days.

Table 2
Characteristics of 218 patients with Coronavirus disease 2019

No. of patients Mean incubation period P
(%) (95% ClI)
Total 218 (100%) 6.8 (6.2-7.4)
Gender 0.145
Male 121 (56.3) 6.3 (5.4-7.2)
Female 94 (43.7) 7.5(6.7-8.4)
Age, years 0.009
<18 6 (2.8) 9.3 (5.3-16.3)
18-40 73 (34.1) 7.7 (6.6-9.0)
41-60 98 (45.8) 5.7 (4.9-6.6)
>60 37 (17.3) 8.0 (6.5-9.8)
Cl, Confidence interval

The population-specific distributions of the accurate incubation periods are shown in Table 2 and Fig. 4.
The mean incubation period is 9.3 days (95% Cl, 5.3-16.3), 7.7 days (95% Cl, 6.6—9.0), 5.7 days (95% ClI,
4.9-6.6), and 8.0 days (95% Cl, 6.5-9.8) in patients under 18 years, 18—40 years, 41-60 years, and over
60 years, respectively (41-60 years vs. 18—-40 years: P=0.028; 41-60 years vs. = 61 years: P=0.041).
The mean incubation period is 6.3 days (95% Cl, 5.4-7.2) in male and 7.5 days (95% Cl, 6.7-8.4) in
female (P=0.145).

Discussion

This study has the largest sample to estimate the incubation period of COVID-19. For 11545 patients, the
mean incubation period is 7.1 days, 10.2% of patients with incubation period more than 14 days, and
2.1% more than 21 days. Moreover, the incubation period of COVID-19 is associated with age. The similar
evidences are presented in 218 patients with the accurate incubation period.

The mean incubation period of COVID-19 is about seven days. In the large COVID-19 patients’ population,
we report a mean incubation period of 7.1 days (95% Cl, 7.0-7.2). Similarly, the mean accurate
incubation period was 6.8 days (95% Cl, 6.2—7.4) in 218 patients, supporting that the finding is reliability
in large population. Lu et al reported a median incubation period of 7.2 days (95% Cl, 6.9-7.5) in 1158

patients with COVID-19 based on the Weibull distribution, which also used the interval-censored data 3.
Page 7/16



Their result is consistent with ours, but the 95% Cl of median incubation period is wider. However, the
studies using the earliest exposure date had the longer median incubation period than ours, which
showed the median incubation period of about 8 days ° 8. Conversely, a study using the last exposure
date reported a median incubation period of 5 days, which shorted than ours 7, Similarly, two other
studies using last exposure date reported short median incubation periods of 3 days and 4.8 days,
respectively '° 6. Obviously, these biases are mainly due to the inaccurate date of infection. The
incubation period was overestimated using the date of the earliest exposure and underestimated using
the date of the last exposure date. We conducted a meta-analysis which included 27 studies and
presented mean incubation period as 6.3 days (95% Cl: 5.7-7.0) in mainland China (data were shown in
Supplementary File). It also consistent with the results of our observation study Therefore, our study
provided a reliable incubation period of COVID-19, which is a robust evidence for understanding SARS-
Cov-2 transmission.

The 14 days quarantine strategy is challenged. In our study, about 10.2% patients developed disease 14
days after infection, and 2.1% developed disease 21 days after infection. A study focused on the
importation risk of COVID-19 is consistent with our findings, which reported that 9% of patients had a
negative report by nucleic acid test during the 14th day of isolation 7. Therefore, we speculate that, if
only relying on clinical symptoms or nucleic acid test results, the 14-day isolation strategy will result in
about 10% of patients not being recognized as confirmed cases. When a stricter strategy is implemented,
more patients will be identified. In Wuhan city, after strict isolation of all residents on January 23, the
number of new cases with COVID-19 decreased rapidly, with a 50% reduction after 14 days (February 6)
and a 75% reduction after 28 days (February 20) '. As we know, very strict isolation will bring a huge
social burden. Should all regions adopt a Wuhan-style quarantine strategy to prevent spread of SARS-
CoV-2? Our findings suggest that the people should be quarantined for 21 days or more who had a high
risk of being infected with SARS-Cov-2, such as contacting with the patients infected with SARS-CoV-2 or
coming from cities or country where COVID-19 is in epidemic.

Additionally, the potential patients should be isolated as soon as possible. We found that about 15% of
patients had an incubation period less than 3 days. In India, there were 25% of patients had an incubation
period less than 3 days (25th percentile: 3.0 days) '°. The one third of patients in Singapore had an
incubation period of less than or equal to 3 days 2°. The previous studies report that patients with COVID-
19 are infectious before they develop symptoms 2. Our study found that half patients develop symptoms
within 7 days after infection. A meta-analysis showed that the mean serial interval of COVID-19 was 5.5
days 22. So that, for COVID-19, the serial interval is short than incubation period. We speculate that the
spread of SARS-CoV-2 occurs on average 1.5 days before the onset of disease. If all close contacts are
quarantined at the third day after infection, more than 15% of the people infected with SARS-Cov-2 in
close contacts may have infected others. When COVID-19 patients and their close and sub-close contacts
are quarantined on the first time, the further transmission will be terminated.
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The incubation period of COVID-19 varies by age. We found that the incubation period is related with age.
In 218 patients, the incubation period presented a U-shaped curve with increasing age. The middle-aged
group (41-60 years) had the shortest incubation period than other groups, especially the elderly group (=
61 years) and 18-40 years group. The previous study with 136 patients had reported a similar age-
specific distribution of incubation period with, the shortest incubation period in patients aged from 45 to
59 years ©. Another study with 2555 patients also found a U-shaped curve distribution of incubation
period in patients °. The mechanism of the effect of age on COVID-19 incubation period is unclear.
Possible explanations include a less intense immune response, leading to a delay in the onset of
symptoms and shorter exposure time and exposure rate in the elderly and children.

However, the incubation period has no difference between male and female. Previous study suggests that
male is more susceptible to COVID-19, which may be due to the higher plasma concentration of ACE2 23.
However, our study did not observe a difference in incubation period by gender. Nie et al also showed an
insignificant difference in incubation period between male and female (5 days vs. 4 days; P=0.22) 7.

Yang et al presented the similar conclusion 4. The evidence suggests that gender maybe not a factor in

the incubation period of COVID-19.

Several limitations need to be stated in the present study. First. the selection bias may also exist.
although the sample size in this study is larger, there was 5623 patients with missing information.
Moreover, it only accounts for a small part of the total number of cases in Mainland China outside to
estimate the accurate incubation period. Second, there may be recall bias that the accuracy of the self-
reported date of onset by patients may be affected. Third, although there is no significant difference in
incubation periods between different definitions of the date of onset, the estimated date of onset may be
biased from the actual date of onset. Finally, the date of infection in most cases is unclear, which affects
the accuracy of incubation period.

Conclusions

This study provides the reliable incubation periods of COVID-19, which helps to understand the
transmission of disease and formulate prevention measures. The mean incubation period is about 7 days
in larger population or in patients with precise data. Moreover, 5.4% of patients had incubation period
within 3 days, only 90% within 14 days, but 98% within 21 days. Therefore, the 14-day quarantine period
may not be enough, but 21 days or even stricter quarantine measures may be effective to control the
spread of SARS-CoV-2. It is also necessary to isolate people exposure to COVID-19 cases as soon as
possible.

List Of Abbreviations

ACE2
angiotensin converting enzyme 2; Cl:Confidence interval; COVID-19:Coronavirus disease 2019;
IQR:interquartile range; 2019-nCoV:novel coronavirus 2019; NCP:novel coronavirus pneumonia;
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SD:standard deviation; SARS-CoV-2:severe acute respiratory syndrome coronavirus.
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Figure 1

The fitted distribution curve of incubation period in 11545 patients with Coronavirus disease 2019.
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Figure 2

The population-specific fitted distribution curve of incubation period of Coronavirus disease 2019. A. by
gender; B. by age; c. by definition of the date of onset; and D, by the exposure interval.
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The boxplot and population-specific fitted distribution curve of accurate incubation period of Coronavirus

disease 2019. A. Boxplot in subgroups analysis; B. By Gender; C. By age. * represents <0.05; ** represents
<0.01.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

e Supplementarydata.docx

Page 16/16


https://assets.researchsquare.com/files/rs-332666/v1/a1d466873f85729d74a79458.docx

