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The novel severe acute respiratory syndrome coronavirus type
2 (SARS-CoV-2) emerged in China in December 2019" and was
declared a pandemic by the World Health Organization on 11
March 2020. Current assessments of SARS-CoV-2 transmission
dynamics rely on accurate estimates of key epidemiological
parameters, including the serial interval, which can be defined as
the time between symptom onset of the source and the onset of
symptoms of the recipient.” Moreover, serial interval estimations
can help disentangling the duration of pre-symptomatic trans-
mission upon infection. When the serial interval is greater than
the incubation period, an epidemic is characterized by symp-
tomatic transmission. However, existence of pre-symptomatic
transmission can be inferred when the serial interval is shorter
than the incubation period.

We estimate the serial interval of SARS-CoV-2 from 65
infector—infectee pairs from Brazil. Data were provided by the
Brazilian Ministry of Health following ethical approval (CONEP
protocol number 30127020.0.0000.0068). All confirmed cases
of SARS-CoV-2 infection notified on the REDCap system

between 25 February and 19 March were analysed. We received
data on infector and infectee pairs by the Brazilian Ministry
of Health, and we measured the serial intervals by computing
the difference between the dates of symptom onset of each
pair.

The median serial interval in our data was estimated at 3
(standard deviation=3.29) days. We identified four (6.15%
of 65) negative serial intervals (symptom onset in the infectee
preceded the infector) and seven (10.77% of 65) zero-valued
serial intervals (symptom onset on the same day for the
infector—infectee pair). It is common to censor observed serial
intervals to include only positive values; however there is
no strong theoretical justification for this. As such, we fit a
serial interval probability distribution that allows for negative
values by modelling the serial interval as: Serial Interval =
Lfing,1 + Atlar,1 + Atiae +Atine 2 | = Hinf 1 + Atiae,1 + Atine 1 |, where
L-] is the floor operator, t¢ is a random variable uniformly
distributed in the interval [0, 1], (Atj 1, Atjy2) are indepen-
dent and identically distributed (i.i.d.) chi-squared random
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Figure 1. Serial interval estimation from Brazilian SARS-CoV-2 confirmed cases compared with the modelled distribution. Lower panel shows the
mean =+ standard deviation serial interval estimates from the current literature.

variables of mean 3.03 days and (Afing,1, Atine2) are i.i.d. chi-
squared random variables of mean 0.95 days. See the supplemen-
tary material for theoretical motivation, methods and sensitivity
analysis.

Figure 1 shows the comparison between the observed and
modelled serial intervals as well as the means + standard devi-
ations for a number of serial interval probability distributions
presented in the literature.>~* Our proposed model for the serial
interval probability distribution approximates well the serial
intervals measured from data.

We provide two additional analyses of the data in the sup-
plementary material: (i) Du et al.’ took an alternative approach
fitting a normal distribution to 468 publicly reported serial
intervals in which 12% had negative values. For this reason,
we fit a normal distribution to the observed serial intervals and
compare it to the distribution presented in Du et al.,’ obtaining a
lower mean and variance, (ii.) we censor the data to include only
positive values, obtaining a distribution of mean 3.83 days that
is best fit by a lognormal distribution.

The mean serial interval in Brazil of 2.97 days is the shortest
reported to our knowledge, but we emphasize that the serial
interval is not usually concentrated around the mean due to
its high standard deviation (3.29 days) and non-symmetry.
Furthermore, our serial interval estimate is shorter than the
reported incubation period, implying that the infectious period
for SARS-CoV-2 begins before symptom onset. This is in line
with recent observations of a large proportion of undocumented
infections, complicating containment of the virus."” The short

mean observed, and the relatively high probability of zero or
negative serial intervals reinforces previous results from Ganyani
et al.,” which estimate a large proportion of pre-symptomatic
transmission for Singapore and Tianjin. Together, our findings
imply that even with screening measures for travellers in airports,
cruises or bus stations, the risk of transmission might remain
relatively high.

Our report presents the first serial interval estimates for
SARS-CoV-2 from Latin America. Our estimates are based on
national case notification data, and this is a strength compared
with datasets compiled from media reports. However, there are
at least two important sources of bias. Firstly, there is a tendency
for secondary cases to recall more recent contacts—recency or
recall bias—resulting in a shorter estimate of the serial interval.
Similarly, contact tracing is likely to be most effective for recent
contacts. Secondly, self-isolation following symptom onset will
remove longer serial intervals that would have occurred due
to transmission during the symptomatic phase. This second
point highlights the role of contextual factors such as isola-
tion practices, population density, location of transmission, pro-
portion of the population infected, in determining the serial
interval. In addition, the number of serial intervals observed
(63) is fairly small, resulting in a relatively large uncertainty
in some of the estimated parameters (e.g. the confidence inter-
val for the probability of negative serial intervals is [1.72%,
15.29%]).

In conclusion, we estimate a mean serial interval of COVID-
19 at 2.97 days for Brazil. This estimate is shorter than published
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incubation periods, implying pre-symptomatic undocumented
transmission. Our estimate includes a substantial proportion of
negative serial intervals that implies a substantial proportion of
secondary transmission prior to the onset of symptoms.

Supplementary Data

Supplementary data are available at JTM online.

Acknowledgements

We thank Philippe Mayaud and Oliver Brady for comments
and suggestions on an earlier draft of this work, and Miguel A.
Ramirez for kindly loaning us his server for the lengthy computa-
tions. This work was supported by a Medical Research Council
(MR/S0195/1) and FAPESP (2018/14389-0) CADDE partner-
ship award and a John Fell Research Fund (grant 005166). N.R.E.
is supported by a Wellcome Trust and Royal Society Sir Henry
Dale Fellowship (204311/Z/16/Z). D.D.S.C. is supported by the
Clarendon Fund and by the Oxford University Zoology Depart-
ment. C.A.P.J. and V.H.N. are supported in part by grants from
FAPESP (2018/12579-7), CNPq (304714/2018-6) and CAPES
(Finance code 001). N.R.E. and C.A.D. are thankful for Cen-
tre funding from the UK Medical Research Council (MRC)
and the UK Department for International Development (DFID)
under the MRC/DFID Concordat agreement and is also part
of the EDCTP2 programme supported by the European Union
(MR/R015600/1). A.D. is also supported by the UK Medical
Research Council (MRC).

Authors’ Contribution

C.A.PJ., L.B. and V.H.N. did the main analysis. C.A.P.J., L.B.,
D.S.C., O.G.P, E.C.S. and N.R.E. wrote the first draft; V.B.P,,
W.K.O.,].H.R.C.,E.C.S.,EG.,D.S.C. helped with data collection
and ethics protocol. A.D., C.A.D., N.R.E and E.C.S. helped with
the refinement of the analyses and interpretation of the results.

Conflict of interest

None declared.

References

1.

10.

WHO - Pneumonia of unknown cause — China. World Health
Organization 2020. Available at: https://www.who.int/csr/don/05-ja
nuary-2020-pneumonia-of-unkown-cause-china/en/.

Wallinga J, Lipsitch M. How generation intervals shape the relation-
ship between growth rates and reproductive numbers. Proc R Soc B
2007; 274:599-604.

DuZ,Xu X, Wu'Y et al. Serial interval of COVID-19 among publicly
reported confirmed cases. Emerg Infect Dis 2020; 26:1341-3. doi:
10.3201/eid2606.200357.

Tindale L, Coombe M, Stockdale JE et al.
interval estimates suggest pre-symptomatic spread of COVID-
19. Epidemiology 2020. Available at. http:/medrxiv.org/looku
p/doi/10.1101/2020.03.03.20029983.24March2020, last date
accessed.

Nishiura H, Linton NM, Akhmetzhanov AR. Serial interval of novel
coronavirus (COVID-19) infections. Int | Infect Dis 2020Available
at; 93.doi: 10.1101/2020.02.03.20019497 24 March 2020, last date
accessed.

Transmission

Li Q, Guan X, Wu P et al. Early transmission dynamics in Wuhan,
China, of novel coronavirus-infected pneumonia. N Engl | Med
20205 382:1199-207 NEJMo0a2001316.

Ki M. Task force for 2019-nCoV2. Epidemiologic characteristics of
early cases with 2019 novel coronavirus (2019-nCoV) disease in
Republic of Korea. Epidemiol Health 2020; Available at. http://e-epi
h.org/journal/view.php?doi=10.4178/epih.e2020007 13 April 2020,
last date accessed.

Zhao S, Gao D, Zhuang Z et al. Estimating the serial inter-
val of the novel coronavirus disease (COVID-19): a statistical
analysis using the public data in Hong Kong from January
16 to February 15, 2020. Epidemiology 2020Available at:. doi:
10.1101/2020.02.21.20026559 24 March 2020, last date accessed.
Ganyani T, Kremer C, Chen D et al. Estimating the generation
interval for coronavirus disease (COVID-19) based on symptom
onset data, March 2020. Eurosurveillance 2020; 25:2000257.

Li R, Pei S, Chen B et al. Substantial undocumented infection facil-
itates the rapid dissemination of novel coronavirus (SARS-CoV2).
Science 2020; 368:489-93 eabb3221.


https://academic.oup.com/jtm/article-lookup/doi/10.1093/jtm/taaa115#supplementary-data
https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en/
https://www.who.int/csr/don/05-january-2020-pneumonia-of-unkown-cause-china/en/
https://doi.org/10.3201/eid2606.200357
http://medrxiv.org/lookup/doi/10.1101/2020.03.03.20029983. 24 March 2020
http://medrxiv.org/lookup/doi/10.1101/2020.03.03.20029983. 24 March 2020
https://doi.org/10.1101/2020.02.03.20019497
http://e-epih.org/journal/view.php?doi=10.4178/epih.e2020007
http://e-epih.org/journal/view.php?doi=10.4178/epih.e2020007
https://doi.org/10.1101/2020.02.21.20026559

	Serial interval distribution of SARS-CoV-2 infection in Brazil
	Supplementary Data
	Authors' Contribution
	Conflict of interest


