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SARS-CoV-2 incubation period across variants of concern,
individual factors, and circumstances of infection in France:
a case series analysis from the ComCor study

Simon Galmiche, Thomas Cortier, Tiffany Charmet, Laura Schaeffer, Olivia Chény, Cassandre von Platen, Anne Lévy, Sophie Martin, Faiza Omar,
Christophe David, Alexandra Mailles, Fabrice Carrat, Simon Cauchemez, Arnaud Fontanet

Summary

Background The incubation period of SARS-CoV-2 has been estimated for the known variants of concern. However,
differences in study designs and settings make comparing variants difficult. We aimed to estimate the incubation
period for each variant of concern compared with the historical strain within a unique and large study to identify
individual factors and circumstances associated with its duration.

Methods In this case series analysis, we included participants (aged =18 years) of the ComCor case-control study in
France who had a SARS-CoV-2 diagnosis between Oct 27, 2020, and Feb 4, 2022. Eligible participants were those who
had the historical strain or a variant of concern during a single encounter with a known index case who was
symptomatic and for whom the incubation period could be established, those who reported doing a reverse-
transcription-PCR (RT-PCR) test, and those who were symptomatic by study completion. Sociodemographic and
clinical characteristics, exposure information, circumstances of infection, and COVID-19 vaccination details were
obtained via an online questionnaire, and variants were established through variant typing after RT-PCR testing or by
matching the time that a positive test was reported with the predominance of a specific variant. We used multivariable
linear regression to identify factors associated with the duration of the incubation period (defined as the number of
days from contact with the index case to symptom onset).

Findings 20413 participants were eligible for inclusion in this study. Mean incubation period varied across variants:
496 days (95% CI 4-90-5-02) for alpha (B.1.1.7), 5-18 days (4-93-5-43) for beta (B.1.351) and gamma (P.1), 4-43 days
(4-36-4-49) for delta (B.1.617.2), and 3-61 days (3-55-3-68) for omicron (B.1.1.529) compared with 4-61 days
(4-56—4-606) for the historical strain. Participants with omicron had a shorter incubation period than participants with
the historical strain (-0-9 days, 95% CI -1-0 to —0-7). The incubation period increased with age (participants aged
=70 years had an incubation period 0-4 days [0-2 to 0-6] longer than participants aged 18-29 years), in female
participants (by 0-1 days, 0-0 to 0-2), and in those who wore a mask during contact with the index case (by 0-2 days,
0-1to 0-4), and was reduced in those for whom the index case was symptomatic (—0-1 days, —0-2 to —0-1). These data
were robust to sensitivity analyses correcting for an over-reporting of incubation periods of 7 days.

Interpretation SARS-CoV-2 incubation period is notably reduced in omicron cases compared with all other variants of
concern, in young people, after transmission from a symptomatic index case, after transmission to a maskless
secondary case, and (to a lesser extent) in men. These findings can inform future COVID-19 contact-tracing strategies
and modelling.

Funding Institut Pasteur, the French National Agency for AIDS Research-Emerging Infectious Diseases, Fondation
de France, the INCEPTION project, and the Integrative Biology of Emerging Infectious Diseases project.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction a
Assessing the incubation period of SARS-CoV-2

notably reduced incubation for people with
the delta (B.1.6172) variant.”” Cluster investigations

throughout emergences of variants of concern is crucial
to establish duration of quarantine, advise testing
strategy of contacts, enable contract tracing, and inform
epidemic modelling. Initial estimates based on meta-
analyses of the incubation period of SARS-CoV-2, before
the emergence of variants of concern, ranged between
5-1 and 6-5 days."* The incubation period has been
shown to differ between variants of concern, with
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published in 2021 report an even shorter incubation
period in people with the omicron (B.1.1.529) variant.*
The effect of individual factors, such as age, sex,
COVID-19 vaccine status, or underlying conditions, on the
length of the incubation period remains largely
unestablished. The incubation period is reported to vary
with age, with some studies finding an increase in
incubation with age. However, a study based on
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Research in context

Evidence before this study

[terative assessment of the SARS-CoV-2 incubation period is
necessary throughout emergences of variants of concern to
adapt mitigation strategies and inform epidemic modelling.

A previous meta-analysis of 99 studies last updated in

January, 2021, estimated that the mean incubation period was
6-38 days. We searched PubMed without any language
restrictions for studies published between Jan 1, 2021,

and March 23, 2022, using the keywords “COVID-19” AND
“incubation”. We included epidemiological studies reporting an
estimate of the mean or median SARS-CoV-2 incubation period
with a minimum sample size of ten. The search retrieved

670 results, of which 16 reports of 13 studies (with sample sizes
between ten and 1676 participants) were eligible for inclusion.
Six studies had data on variants of concern (four studies on the
delta [B.1.617.2] variant, one on the alpha [B.1.1.7] variant,

and one on the beta [B.1.351] variant). Most studies were rated
as good or fair in the quality assessment. Four studies
investigated the effects of age or initial viral load on duration of
the incubation period. We did not find any studies on the effects
of other individual factors, such as sex, vaccine status, mask
wearing at the time of contact with an index case, symptomatic
status of the index case, or setting where transmission occurred.

Added value of this study
We analysed data from a nationwide study conducted in
France that used consistent methods throughout the

contact-tracing conducted in China found people aged
41-60 years had a shorter incubation period than younger
and older people.** External factors, such as the
environment of transmission, the nature of contact with
the index case, or the viral load of the index case, might
also contribute (possibly through the viral inoculum,
which has been shown to affect secondary transmission
risk),”* but there is no evidence about how these external
factors might affect duration of the incubation period.

To assess the relative contribution of factors affecting the
SARS-CoV-2 incubation period, data documenting
incubation periods for a large number of cases, reported
over long time periods, and with a stable study design
would ideally be used. However, this approach is rarely
possible. Meta-analyses have mostly relied on studies with
relatively small sample sizes and different study designs.
The few studies with more than 1000 participants often
date back to the early months of the COVID-19 pandemic.”*

In this study, we analysed a dataset documenting
incubation periods of SARS-CoV-2 among participants of
the large ComCor study, a nationwide case-control study
conducted in France for 16 months (October, 2020, to
February, 2022). We aimed to characterise the
determinants of the SARS-CoV-2 incubation period,
including variants of concern, individual factors, and
circumstances of infection.

emergence of multiple variants of concern, allowing
comparison between variants. Our study provides evidence of
a reduced incubation period for the omicron (B.1.1.529)
variant of concern compared with all previously predominant
variants while adjusting for individual factors (eg, age and
vaccine status). We found evidence for a reduced incubation
period in younger people and in situations of high viral
inoculum (ie, not wearing a mask during contact or when the
index case was symptomatic).

Implications of all the available evidence

Evidence of a notably reduced SARS-CoV-2 incubation period
of the currently globally predominant omicron variant
compared with the historical strain and other variants of
concern has important implications for adapted contact-
tracing strategies, which should aim to reduce the time from
symptom onset to contact tracing as much as possible to
achieve containment. The evidence can also inform infectious
disease modelling, which is crucial in estimations of the
upcoming effects of COVID-19 on health-care systems in
many countries. Although evidence indicates an effect of age
on the incubation period, with a shorter incubation period in
younger people, the effects of vaccine status and mask
wearing at the time of contact with the index case warrant
further investigation.

Methods

Study design and participants

The methods of the ComCor study have been described
elsewhere.®”"* Briefly, the ComCor study is a nationwide
case-control study of adults aged 18 years or older with a
SARS-CoV-2 diagnosis (cases) identified via the Caisse
Nationale de IAssurance Maladie (National Health
Insurance Fund) database, which stores all diagnoses of
SARS-CoV-2 in France, and control participants
(ie, individuals who had never tested positive for
SARS-CoV-2 up to February, 2021, when eligibility was
broadened to include all adults without ongoing
SARS-CoV-2 infection), selected from a representative
panel of the French population by Ipsos, a market and

opinion research company. Participants receive
information about the study online before completing a
questionnaire.

For this case series analysis of the ComCor study, we
only analysed people who had SARS-CoV-2 after a single
encounter with a known index case (ie, cases, not
controls) between Oct 27, 2020, and Feb 4, 2022. We
excluded participants who tested positive for SARS-CoV-2
after intrahousehold transmission (they were assumed to
have had repeated contact with the index case, preventing
the incubation period from being established), had an
incubation period that could not be defined (including
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those who were asymptomatic by study completion), had
an incubation period longer than 15 days,"*” did not
report doing a reverse-transcription-PCR (RT-PCR) test,
or had an unidentified or non-variant-of-concern non-
historical strain of SARS-CoV-2 and tested positive
outside periods of large predominance of one strain.

For cases included in our analysis, the incubation
period was defined as the number of days from contact
with the index case to symptom onset.

We obtained informed consent from all participants.
The ComCor study received ethical approval from Comité
de Protection des Personnes Sud Ouest et Outre Mer (the
Committee for the Protection of Persons South West and
Overseas) on Sept 21, 2020. The data protection authority
Commission Nationale de I'Informatique et des Libertés (the
National Commission on Informatics and Liberty)
authorised the processing of ComCor study data on
Oct 21, 2020. The ComCor study is registered with
ClinicalTrials.gov (NCT04607941).

Procedures

Sociodemographic characteristics, exposure information,
circumstances of infection if the index case was
identified, testing (ie, RT-PCR or supervised rapid
antigen test, not self-tests), COVID-19 vaccination details,
smoking status, information about underlying health
conditions (eg, diabetes, chronic respiratory disease,
hypertension, or coronary artery disease), and BMI were
obtained via the online questionnaire between
Oct 27, 2020, and Feb 4, 2022 (appendix p 12). Sex data
were self-reported, with the options “Female” or “Male”
provided.

Variants were established either through variant typing
after RT-PCR testing, or by matching the time that a
positive test was reported with the predominance of a
specific variant at that time. Variant typing was
implemented in France by Santé Publique France for
most positive RT-PCR tests from January, 2021, onwards.
Individual test data were provided by participants if
available. Details of mutations used to identify the
alpha (B.1.17), beta (B.1.351), gamma (P.1), and
delta (B.1.6172) variants via RT-PCR screening are
available elsewhere.*”® This strategy did not allow for
differentiation between the beta and the gamma variants.
However, FLASH sequencing studies conducted once per
week or once every 2 weeks since January, 2021, on a
random sample of positive SARS-CoV-2 tests in France
showed that the beta variant largely predominated among
tests with a positive result for beta or gamma after
screening (eg, on March 2, 2021, beta represented
5-6% of positive samples and gamma represented 0-1%).%
Between Dec 1, 2021, and Jan 16, 2022, we defined
cases included in the study with tests showing
omicron (B.1.1.529)-specific screening targets (ie,
69-70del, Lys417Asn, Ser371Leu and Ser373Pro, or
GIn493Arg), or without the Glu484Lys or the Leu425Arg
mutations, as omicron cases. According to FLASH

www.thelancet.com/microbe Vol 4 June 2023

studies, the B.1.640 variant, which has neither the
Glu484Lys or the Leu452Arg mutations, represented less
than 1% of positive samples in December, 2021, and
January, 2022. The routine variant typing strategy did not
allow for differentiation between the BA.1 and BA.2
omicron subvariants. The FLASH studies found that
BA.1was largely predominant during the study period; in
France, it represented 99-7% of positive samples on
Jan 3, 2022, and 90-9% of samples on Jan 31, 2022.
Because of the absence of variant typing before early 2021
and the reduced proportion of samples typed in periods
of high incidence—particularly during the omicron wave
in the winter of 2021-22 or in periods of large
predominance of one strain—we assumed that people
with an unestablished variant had the predominant
strain: historical strain for tests conducted Dbefore
Jan 7, 2021; delta variant for tests conducted between
Sept 1, 2021, and Nov 30, 2021; and omicron variant for
tests conducted between Jan 17, 2022, and Feb 4, 2022. A
predominance period was not defined for the alpha,
beta, and gamma variants as they circulated mostly
concomitantly during the first 6 months of 2021.2

Statistical analysis

We used ordinary least-squares multivariable linear
regression to estimate associations with the incubation
period, with adjustment for the covariables of age, sex,
underlying conditions (ie, diabetes, hypertension,
chronic respiratory disease, coronary artery disease, or
underweight defined as a BMI <18-5 kg/m?2), smoking
status, COVID-19 vaccine status (ie, number of injections
and time elapsed since last injection in three categories:
<90 days, 90-179 days, and =180 days), and characteristics
of the index case and onward transmission (ie, symptoms
of the index case, duration of the interaction, outdoor or
indoor setting, and mask wearing by the participant and
the person identified as the index case) in all eligible
cases included in this study. During the study period,
vaccines available in France were mRNA vaccines
(ie, BNT162b2 [Pfizer-BioNTech] and mRNA-1273
[Moderna]) and viral vector vaccines (ie, ChAdOxl
nCoV-19 [AstraZeneca] and Ad26.CoV2.S [Johnson &
Johnson]). We applied robust standard errors to account
for possible heteroscedasticity. Because of the large
sample size, we considered the model to be too robust to
violate the normality of residuals’ distribution.

We estimated the probability distribution of the true
incubation period after correction for probable over-
reporting at 7 days due to selfreported data. This
calculation was done by estimating the probability of
reporting 7 days if the true incubation period was
6 or 8 days (p,) or 5 or 9 days (p,). Poisson, negative-
binomial, log-normal, and gamma distributions were
considered. We considered one scenario in which p, was
estimated and one scenario in which p,=0. We estimated
parameters of each distribution jointly with p, and p,
using a Monte Carlo Markov Chains algorithm. The

See Online for appendix
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deviance information criterion (DIC) was used for
model selection (appendix p 12).

We did several sensitivity analyses to test the validity
of our results. The first aimed to examine the effect of
over-reporting incubation periods of 7 days in the
analysis of factors associated with the incubation
period. In this analysis, we randomly reassigned 7-day
incubation periods to a number of days between 5 days
and 9 days using probabilities derived from the
distribution retained after model selection on DIC, and
did the linear regression analysis. This process was
repeated 15 times, and the coefficients and 95% ClIs of
the 15 regression analyses were averaged for
comparison with the initial linear regression analysis
results. The second sensitivity analysis aimed to
compare the results of a Poisson regression with those
of the normal linear regression as the dependent
variable, the incubation period, takes only discrete
values from 1 to 15. The third sensitivity analysis
consisted of restricting the analysis to participants

415908 diagnoses of SARS-CoV-2 infection
included in the ComCor study

59041 excluded because they were
asymptomatic by study completion

A
356867 COVID-19 cases

209215 excluded because index case could not
be identified

A
147652 cases with identified index case

108713 excluded because they did not have an
established incubation period
67726 index case within household
40498 repeated contact with index case
489 inconsistent estimated
incubation period

A

38939 cases with an established
incubation period

18526 excluded because they had an
unidentified variant
N 10764 had no reverse-transcription-PCR
7714 tested outside period of variant
predominance
48 reported as other variant

20413 cases with historical strain or variant
of concern

Figure 1: Selection of SARS-CoV-2 cases
The ComCor case-control study was conducted in France between October, 2020,
and February, 2022.

whose index cases were confirmed by a positive
SARS-CoV-2 test.

The questionnaire did not allow advancement to the
next question unless the previous questions were
answered. Therefore, we had no missing data for any
items except one. We analysed participants with missing
information regarding date of last vaccine dose in a
separate category.

Statistical analyses were done with Stata (version 16.0)
and R (version 4.2.1).

Role of the funding source

The funders had no role in the study design, collection,
analysis and interpretation of data, writing of the report,
or decision to submit for publication.

Results

356867 COVID-19 cases were included in the
ComCor study (figure 1) between Oct 27, 2020, and
Feb 4, 2022. Among these participants, the incubation
period could be defined in 38939 (10-9%) participants
who had a single encounter with the index case outside
the household. After excluding participants who did
not report an RT-PCR and participants with an
undetermined or non-variant-of-concern, non-historical
strain who tested outside periods of large predominance
of one strain, we included 20413 participants who had the
historical strain, alpha variant, beta variant, gamma variant,
delta variant, or omicron variant. Variant was established
through variant typing on RT-PCR for 13665 participants
and by matching with the predominant strain at the time
of the test for 6748 participants.

The study population (n=20413) was predominantly
women and young (ie, aged =49 vyears), with few
participants older than 70 years (table 1). The most frequent
underlying conditions were chronic respiratory disease
and hypertension. Approximately a third of participants
reported that the index case was symptomatic at the time
of contact. A large majority of participants reported a
positive test in the index case. Most often, neither the
participant or the index case wore a mask during their
interaction (table 1). Further demographic description
across different variants is provided in the appendix (p 2).

Overall, mean incubation time was 4-54 days (95% CI
4-51-4-57) and varied across different variants of concern
(table 2). Compared with the historical strain (4-61 days,
4-56—4-66), the alpha (4-96 days, 4-90-5-02) and beta or
gamma (5-18 days, 4-93-5-43) variants of concern were
associated with a longer incubation period, whereas
participants infected by the delta (4-43 days, 4-36—4-49)
and omicron (3-61 days, 3-55-3-68) variants of concern
had shorter incubation periods (non-parametric Kruskal—
Wallis test p=0-0001).

The gamma distribution corrected for p, and p, was
selected on the basis of deviance information criterion
(appendix p 3). The distribution of the incubation period
by variant, both observed and corrected for the 7-day
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(Table 1 continues in next column)

effect (applying p, and p,), and the gamma distribution
corrected for p, and p, by variant are shown (figure 2;
appendix p 3). After correction for the 7-day effect,
estimates of mean incubation period were shorter overall
(4-50 days, 4-47—4-53) and for each variant than before
correction for the 7-day effect (table 2).

In the multivariable linear regression analysis, the
incubation period was shorter in people with omicron

www.thelancet.com/microbe Vol 4 June 2023

Participants Participants
(n=20413) (n=20413)
Health-care worker 2766 (13-6%) (Continued from previous column)
Sex Previous SARS-CoV-2 infection
Female 13760 (67-4%) No 19744 (96-7%)
Male 6653 (32:6%) Yes, virologically or serologically confirmed 512 (2:5%)
Variant Yes, diagnosed on clinical evaluation only 157 (0-8%)
Historical 7539 (36:9%) Symptoms in index case 6819 (33-4%)
Alpha 5133 (25-1%) Positive test for index case 18005 (88-2%)
Beta or gamma 453 (2:2%) Mask wearing
Delta 4606 (226%) Neither participant or index case 15911 (77-9%)
Omicron 2682 (131%) Index case only 495 (2-4%)
Age, years Participant only 1694 (8-3%)
18-29 4269 (20-9%) Both participant and index case 2313 (11-3%)
30-39 5526 (27-1%) Setting of transmission
40-49 4235 (20-7%) Indoors with closed windows 15117 (74-1%)
50-59 3436 (16-8%) Indoors with open windows 4036 (19-8%)
60-69 2228 (10-9%) Outdoors 1260 (6-2%)
=70 719 (3:5%) Data are n (%). COVID-19 cases included in the ComCor case-control study
Smoking status between October, 2020, and February, 2022.
Non-smoker, no nicotine substitution 16 465 (80-7%)
L o . Table 1: Demographic data for participants with COVID-19 with
Non-smoker, nicotine substitution 169 (0-8%) identified incubation period and variant
Non-smoker, electronic cigarette only 801 (3-9%)
<10 cigarettes per day 1537 (7-5%)
10-20 cigarettes per day 1019 (5-0%) and was longer in people with the alpha or beta or
>20 cigarettes per day 422 (2:1%) gamma variants than in people with the historical strain
Underlying conditions after adjustment for age, sex, smoking status, COVID-19
Chronic respiratory disease 1666 (8:2%) vaccine status, and setting of transmission (table 3). The
Hypertension 1657 (8:1%) incubation period increased with increasing age, with
Underweight 667 (3:3%) the oldest participants (age =70 years) having an
Diabetes 459 (22%) incubation period 0-4 days (0-2 to 0-6) longer on
Coronary artery disease 165 (0-8%) average than the youngest participants (age 18-29 years).
COVID-19 vaccine status The incubation period was reduced if the index case had
R — 13868 (67-9%) symptoms of COVID-19 at the time of the contact, but
One dose, <90 days since last injection 354 (17%) was moderately increased in settings where either the
One dose, 90-179 days sincelast injection 143 (07%) participant or both the participant and the index case
One dose, 2180 days since last injection 97 (0-5%) Wore a. mask' Female part1c1.pa.1nts had a . longer
Two doses, <90 days since last injection Fela) incubation period than male participants. Smoking was
ST 3266 (16.0%) associated with an increased incubation period, with an
o b O e e I, effect increasing with daily cigarette count; the same
wo doses, = ays since last injection -6% . . B . ]
Y ) ) J_ ) effect was not observed with nicotine substitution.
Three doses, <90 days since last injection 903 (4-4%) . .
In an alternative regression model, we analysed the
Three doses, 90-179 days since last injection 42 (0-2%) . . . .
effect of the type of interaction environment (eg, friends,
Three doses, 2180 days since last injection 16 (0-1%) . .. . . .
family, or sports activity) on the incubation period. We
Four doses, <90 days since last injection 3 (<0-1%) . : . . . . ..
tated It dose of identified a shorter incubation period in participants
Undated last dose of vaccine 137 (0-7%)

infected within a group of friends than in people
infected in a family environment (ie, the index case
was a family member; —0-2 days, -0-3 to -0-1;
appendix pp 4-5).

We did several sensitivity analyses to test the validity
of our results. Regarding the effect of redistributing the
observed incubation periods of 7 days over days 5 to 9
using probabilities derived from the distribution
corrected for p, and p,, differences between the initial
estimates and the redistributed estimates were minimal
(appendix p 6). In the sensitivity analyses comparing a
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gamma (P.1), delta (B.1.617.2), and omicron (B.1.1.529).

N Observed, days Correction fordays5to 9,
days
Mean (95% Cl) SD Mean (95% credible ~ SD
interval)
Historical 7539 461 (456-4-66) 224 457 (4-52-4-62) 2.22
Alpha 5133 4.96(4-90-502) 232 4.92(4-85-498) 231
Beta orgamma 453 518 (4-93-5-43) 272 5-15 (4-90-5-40) 272
Delta 4606 4-43 (4-36-4-49) 219 4-40 (4-33-4-46) 217
Omicron 2682 3-61 (3-55-3-68) 1.82 358 (3-52-3-65) 177
Total 20413 4-54 (4-51-4-57) 225 450 (4-47-4-53) 223

A gamma distribution was fitted to estimate probability of rounding the estimation to 7 days if the underlying
incubation period was 6 days or 8 days, or 5 days or 9 days. The included variants are alpha (B.1.1.7), beta (B.1.351),

Table 2: SARS-CoV-2 incubation period by variant, observed and corrected for day 5 to day 9
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Figure 2: SARS-CoV-2 incubation period by variant responsible for infection, observed and corrected for day 5

to day 9 of incubation

Estimation obtained from 20 413 COVID-19 cases included in the ComCor case-control study between

October, 2020, and February, 2022, with an identified incubation period and variant. Gamma distribution
parameters and probabilities of rounding to the nearest week (ie, 7 days) if the incubation period was 6 days or

8 days (probability p,) or 5 days or 9 days (probability p,) were jointly estimated by fitting the model to data with a
Monte Carlo Markov Chains algorithm. Probabilities p, and p, were applied to establish corrected distributions.
The included variants are alpha (B.1.1.7), beta (B.1.351), gamma (P.1), delta (B.1.617.2), and omicron (B.1.1.529).
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Poisson regression model with a linear regression
model for the multivariable analysis, the Poisson
regression model gave identical results to the linear
regression model, expressing the difference in
incubation periods between the reference category and
comparison category as a ratio of number of days rather
than as a difference in number of days (appendix pp 7-9).
As a difference in number of days provides a more
readily interpretable comparison between the two
groups than a ratio, we favoured the linear regression
for the presentation of our results. Finally, the analysis
restricted to the 18005 (88-2%) of 20413 participants
for whom the person identified as index case had a
positive test provided similar results for the mean
(4-52 days [SD 2-22], 95% CI 4.49-4.55) of the
incubation period. Results of the univariable and
multivariable linear regression analyses in these
participants were consistent with those of the main
analysis (appendix pp 10-11).

Discussion

To our knowledge, our analysis is the largest study to date
to evaluate the incubation period of SARS-CoV-2 with
consistent data collection methods used throughout the
emergence of consecutive variants of concern. We found
a reduced incubation period for the omicron variant, in
younger people, in men (to a lesser extent), in participants
who did not smoke, in participants not wearing a mask
when transmission occurred, or if the index case was
symptomatic. These results remained after adjusting for
several individual factors, including COVID-19 vaccine
status.

The association of the incubation period with mask
wearing and symptomatic status of the index case leads to
important questions about the role of viral inoculum in
the natural history of SARS-CoV-2 infection, considering
mask wearing in individuals exposed to SARS-CoV-2 is
associated with reduced viral inoculum®* and
symptomatic status is associated with increased viral
inoculum.” Increased viral load in index cases has been
documented to increase the risk of secondary
transmission™" but not the severity of secondary cases,”
whereas the effect on incubation period remains largely
undocumented. A study of a series of clusters of
COVID-19 found evidence of a reduced incubation period
in secondary cases who had an increased viral load, but
high viral load in these participants was not associated
with high viral load in the index cases.” We did not have
any further details on the type of masks worn during the
contact or on the quality of mask wearing. The increased
incubation period observed with smoking and electronic
cigarette use in our study could be related to reduced viral
inoculum if confounded by improved ventilation habits
among smokers.

Our findings about the omicron variant having a shorter
incubation period than other variants are consistent with
available data on an omicron outbreak in a restaurant in
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Norway and on a cluster in Nebraska, USA, for which the
median incubation period was 3 days.*” However, sample
sizes in these studies were small and recruitment of
participants among clusters might have biased the
estimation, as suggested by our findings showing that the
incubation period is reduced when transmission occurs
among a group of friends. The shortening of the incubation
period of the delta variant compared with the historical
strain was less substantial than previously estimated in a
Chinese contact-tracing study’ However, that study was
conducted on the wild-type virus, whereas the historical
strain in France contained the Asp614Gly mutation,
possibly affecting comparability.® A human challenge
study conducted in previously uninfected and unvaccinated
healthy young adults showed COVID-19 symptom onset
from 2 days after inoculation in some infected participants,
with an increase in symptom score until 4 days after
inoculation.” This relatively short incubation period
compared with our findings, although coherent with a
reduced incubation period in younger populations, could
be partly explained by the prospective and protocol-driven
recording of symptoms in the human challenge study.

Our study found an association between age and
incubation period, with increased incubation periods in
the oldest individuals (aged =60 years), which is consistent
with previous findings. Tan and colleagues” found an
incubation period of 8 days for people aged 70 years or
older compared with an incubation period of 5 days for
people younger than 70 years, and Li and colleagues®
reported a positive correlation between age and duration
of the incubation period. We did not find, as Cheng and
colleagues” did in a population of 218 participants in
China in 2020, a reduced incubation period for people
aged 41-60 years. Different methods and a smaller sample
size might explain those discrepancies.

One of the limitations of our study is that we obtained
data from self-reported questionnaires. We restricted
our analysis to incubation periods within a realistic
range (up to 15 days) and most (88-2%) participants
reported a positive SARS-CoV-2 test in the person
identified as the index case. Results were almost identical
after restricting the analysis to people who reported a
positive test in the index case (appendix pp 10-11). The
identification of the index case might have been
erroneous for some of the participants due to the
possibility of asymptomatic transmission or exposure to
multiple sources of infection. Nonetheless, we believe
this limitation affected the computation of the incubation
period for only a small number of participants. The over-
representation of incubation periods of 7 days is probably
a consequence of questionnaire design, as many
participants who had an incubation period between
5 days and 9 days might have biased their answer to
7 days (ie, 1 week). This bias seemed more prevalent
among participants infected with the alpha, beta, or
gamma variant than in those infected with the delta or
omicron variant. This discrepancy was most probably
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Univariable analysis

Multivariable analysis

Sex

Male

Female

Variant

Historical strain

Alpha

Beta orgamma

Delta

Omicron

Age, years

18-29

30-39

40-49

50-59

60-69

>70

Smoking status

Non-smoker, no nicotine substitution
Non-smoker, nicotine substitution
Non-smoker, electronic cigarette only
<10 cigarettes per day

10-20 cigarettes per day

>20 cigarettes per day

COVID-19 vaccine status

Unvaccinated

One dose, <90 days since last injection
One dose, 90-179 days since last injection
One dose, 2180 days since last injection
Two doses, <90 days since last injection
Two doses, 90-179 days since last injection
Two doses, =180 days since last injection
Three doses, <90 days since last injection
Three doses, 90-179 days since last injection
Three doses, 2180 days since last injection
Four doses, <90 days since last injection
Undated last dose of vaccine

Previous SARS-CoV-2 infection

No

Yes, virologically or serologically confirmed
Yes, diagnosed on clinical evaluation only
Symptoms in index case

No

Yes

Mask wearing

Neither participant or index case

Index case only

Participant only

Both participant and index case

Setting of transmission

Indoors with closed windows

Indoors with open windows

Outdoors

0 (ref)
0-04 (-0-03t0 0-1)

0 (ref)

0:3(0-3t0 0-4)

0-6 (030 0-8)
-02(-03t0-0-1)
-1.0 (-11t0-0-9)

0 (ref)
0-1(-0-01t00-2)
02 (0-1t0 0-3)
02 (0-1t0 0-3)
0-4(03t00-5)
0-3(0-1t0 0-5)

0 (ref)

-0-2 (-0-5t0 0-2)
0-1(-0-1t0 0-3)
0-1(-0-04t0 0-2)
02 (0:02t0 0-3)
0-3(0-1t0 0-5)

0 (ref)

-0-2 (-0-5t0 0-02)
-0-9 (-1:3t0-0-6)
-1.0 (-1-4t0-0-6)
-0-2(-0-4t0-0-1)
-0-6 (-0-7t0-0-5)
-0-7 (-0-8t0 -0-5)
-0-8 (-0-1t0-0-7)
-0-8 (-1:5t0-0-2)
-12 (-2:3t0-0-1)
-0-4 (-2:3t02:1)

-02(-0-6t00-2)

0 (ref)
-05(-0-7 t0-0-3)
-0-1(-0-5t0 0-2)

0 (ref)
-01(-0-2to-0-1)

0 (ref)
0-1(-0-2t0 0-3)
0-3(0-2t0 0-5)
0-2(0-1t0 0:3)

0 (ref)
0-00 (-0-1t0 0-1)
0-1(-0-1t0 0-2)

0 (ref)
0-1(0-02t00-2)

0 (ref)

0-3(0-3t0 0-4)

0-6 (030 0-8)
-0-1(-0-2t0 0-03)
-0-9 (-1-0t0-07)

0 (ref)
0-1(0-00 t0 0-2)
02 (0-1t0 0-3)
02(0-1t0 0-3)
0-4(0-3t0 0-5)
04 (0-2t0 0-6)
0 (ref)
-0-2(-0-5t0 0-2)
02 (0-00t0 0-3)
01 (0020 0-3)
02 (0-1t0 0-4)
0-4(0-1t0 0-6)
0 (ref)
-0-2 (-0-4t0 0-1)
-0-3(-0-7t0 0-1)
-0-5 (-0-9to-0-1)
0-1(-0-1t0 0-3)
-0-1(-0-3to-0-03)
-0-2 (-0-4 t0 -0-05)
0-01(-0-2t0 0-2)
-03(-0-9t0 03)
-0-6 (-13t0 0-1)
0-5(-2:3t03:3)
0-2 (-0-3t0 07)

(-
(-

0 (ref)
0-01 (-0-2t0 0-2)
~0-02 (-0-4t0 0-3)

0 (ref)
-0-1(-02to-0-1)

0 (ref)

-0-01 (-0-2t0 0-2)
0-2 (0-1t0 0-4)
0-1(0:03t00-2)

(Table 3 continues on next page)
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of the omicron variant. However, evidence from
sequencing surveillance in France shows that beta and
BA.1 were generally more prominent than gamma and
BA.2 during the study period.”

Univariable analysis Multivariable analysis

(Continued from previous page)

Underlying conditions

Chronic respiratory disease 0-1(-0-1t0 0-2) - Future research is required to understand the
Hypertension 0-2(0-04t0 0-3) - mechanisms underlying differences of duration of
Underweight -0-2(-0-4t0-0-1) - incubation period depending on sex, age, and mask
Diabetes 02(-01t0 0-4) - wearing during transmission. As predominant strains of

Coronary artery disease 0-03 (-0-3t0 0-4)

Data are coefficent (95% Cl). The multivariable linear regression model was adjusted for all variables in the table.
Underlying conditions and setting of transmission were not included in the multivariable model due to the absence of
statistical significance. Robust SEs were applied to account for potential heteroscedasticity.

Table 3: Factors and their association with duration (days) of SARS-CoV-2 incubation period in
univariable and multivariable linear regression models

e416

a consequence of an increased underlying mean
incubation period in participants infected with the alpha,
beta, or gamma variant, leading to an increased number
of participants likely to round their answer to 1 week. We
found no significant differences among populations
infected with different variants that could otherwise
explain differences in self-reporting quality, although we
cannot rule out association with an unmeasured
confounder. We developed models of distribution of the
incubation period to consider this bias and obtained a
slightly lower corrected mean than the observed
distribution. We noted only minor changes in the
estimates of the linear regression model for the factors
associated with the incubation period in the analysis
correcting for this bias (appendix p 6).

During the omicron wave between December, 2021,
and February, 2022, the proportion of undiagnosed
infections probably increased because of the increase in
incidence, leading to a high burden on testing platforms,
and because of an increased number of infections
leading to no symptoms or mild symptoms.” This
increase affected recruitment for our study during that
period, and it is difficult to speculate how the impact on
recruitment might have affected our findings with regard
to the incubation period and its determinants. However,
we found no particular differences in the populations
across variants (appendix p 2), except for a young age
(<40 years) in people infected with the omicron variant.

The over-representation of women (67%) in our study
compared with the proportion of women in the French
Screening Information System database of SARS-CoV-2-
positive cases during the study period (53%) is similar to
figures found earlier in the ComCor study®” and might
be related to the increased willingness of women to
respond to a health survey compared with men, or to the
high proportion (14%) of health-care workers in the study
population. This over-representation could affect
generalisation of our results to under-represented groups
(eg, men older than 70 years).

Our variant-typing strategy did not include all cases
and could not differentiate between the beta and
gamma variants, or between the BA.1and BA.2 subvariants

SARS-CoV-2 keep changing globally, iterative assessments
of incubation period and its associated factors will be
necessary.

Our results indicate that the SARS-CoV-2 incubation
period is notably shorter with the omicron variant, as
well as in younger participants and settings of high viral
inoculum. These data should help inform SARS-CoV-2
contact-tracing  strategies and modelling. Particular
efforts should be made to reduce the number of days
from symptom onset to contact tracing and isolation in a
context of global predominance of the omicron variant
of concern.
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