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Abstract
BACKGROUND—Estimates of the clinical-onset serial interval of human influenza infection
(time between onset of symptoms in an index case and a secondary case) are used to inform public
health policy and to construct mathematical models of influenza transmission. We estimate the
serial interval of laboratory-confirmed influenza transmission in households.

METHODS—Index cases were recruited after reporting to a primary healthcare center with
symptoms. Members of their households were followed up with repeated home visits.

RESULTS—Assuming a Weibull model and accounting for selection bias inherent in our field
study design, we used symptom-onset times from 14 pairs of infector/infectee to estimate a mean
serial interval of 3.6 days (95% confidence interval = 2.9–4.3 days), with standard deviation 1.6
days.

CONCLUSION—The household serial interval of influenza may be longer than previously
estimated. Studies of the complete serial interval, based on transmission in all community
contexts, are a priority.

The clinical-onset serial interval of an infectious disease is defined as the duration of time
between onset of symptoms in an index case and a secondary case.1,2 Estimates of the serial
interval of human influenza are incorporated into models of interpandemic and pandemic
influenza as the generation time, which is formally defined as the average time between the
infection of an infector and the infection of their infectees, calculated on a per infector basis.
3 Current estimates of the mean serial interval from empirical data include 1–2 days,4 2–3
days5,6 and 3–4 days.7,8

Many studies of influenza transmission are based on recruitment of index cases after onset
of symptoms, also known as a case-ascertained design.9 We used self-reported symptoms
and signs and laboratory data from a recent study10 to estimate the serial interval for
interpandemic influenza during the 2007 season in Hong Kong.
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METHODS
In a recent household transmission study,10 122 index cases with laboratory-confirmed
influenza and their 350 household contacts were followed. Index cases were eligible to
participate if they presented to a primary care provider and met the following conditions: at
least 2 symptoms or signs associated with influenza-like illness, initial symptoms within the
previous 48 hours, and an absence of influenza-like illness among household members
within the previous 2 weeks. Households were followed up with 4 home visits during the
following 10 days. Nose and throat swabs were collected from all household members at
each home visit for laboratory confirmation of infection by viral culture or reverse
transcription–polymerase chain reaction (RT-PCR). 10 We investigated the serial interval by
examining the time from symptom onset in laboratory-confirmed index cases (reported at
recruitment as the date of first symptoms of influenza-like illness) to symptom onset in
corresponding household contacts. Symptom onset was defined as the first day when the
subject reported at least 1 of 5 symptoms and signs: fever (37.8°C or higher) cough,
headache, sore throat, or aches or pains in muscles or joints.

Any analysis of serial intervals in studies that uses symptom-based recruitment must allow
for selection bias due to study design. For example, any subjects recruited into our study 2
days after symptom onset would not contribute information about serial intervals shorter
than 48 hours because a secondary case in the household would not meet our inclusion
criteria. Similarly, data from subjects recruited 1 day after symptom onset would be “left-
truncated” at 1 day. Truncation would not be a problem for subjects recruited on the day of
symptom onset.

Statistical methods for the analysis of time-to-event data can accommodate censoring and
truncation.11–14 To estimate the serial interval we fitted parametric models including the
Weibull, lognormal, and gamma distributions and compared these with nonparametric
estimates, allowing for left truncation due to the study design. We compared parametric
models by using the Akaike information criterion (AIC).15 In sensitivity analyses we used
mixture models to incorporate risk of community transmission in estimates of the serial
interval. In the eAppendix we provide further details of the statistical methods used here
(available with the online version of this article). Analyses were performed using R version
2.6.1.16 Further information about the study design, raw data from the study, and R code to
permit reproducible statistical analyses are available on the authors’ website
http://www.hku.hk/bcowling/influenza/HK_NPI_study.htm.

RESULTS
Laboratory testing of household specimens by viral culture and reverse-transcriptionase-
PCR identified infections in 21 of the 350 household contacts during the study period.10 We
cleaned the raw data17 to ensure agreement between symptom-onset data and available
laboratory data (eFig. 1, http://links.lww.com). Only 14 (67%) household contacts with
laboratory-confirmed influenza experienced any of the 5 symptoms or signs (eTable 1,
http://links.lww.com).

Weibull, gamma, and lognormal parametric models for the serial interval agreed with
nonparametric estimates (Fig. 1) whereas the AICs slightly favored the Weibull model
(eTable 2, http://links.lww.com) with a mean serial interval of 3.6 days (95% CI = 2.9–4.3
days). A parametric bootstrap approach with 1000 resamples was used to calculate
confidence intervals,18 and 100 simulations are shown in Figure 2 to illustrate the
uncertainty. In sensitivity analyses we investigated mixture models to incorporate risk of
community transmission (eAppendix, http://links.lww.com), but there was little information
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in the data on this risk and estimates of the serial interval were unchanged (eTable 3
http:/links.lww.com, eFig. 2, http://links.lww.com).

DISCUSSION
We estimated the household serial interval of influenza to be between 3 and 4 days, which is
longer than previous estimates based on similar study designs.5,6 A strength of our study is
that secondary cases were confirmed by laboratory testing. We adjusted for potential bias
from truncation by study design (eAppendix, http://links.lww.com). This was necessary
because index cases were not recruited if secondary cases had already appeared. Our
resulting estimate for the serial interval is longer than the generation time used in some
transmission models.3–6

The serial interval is the sum of 2 distinct phases of the natural history of influenza
infection, namely, the infectious period (from exposure to infection) and the incubation
period (from infection to symptoms). An often-used estimate of the incubation distribution is
based on 36 laboratory-confirmed secondary cases from a single infector on an airplane
where symptom onset mostly appeared within 1–2 days of infection (median 1.5 days).19
Even less is known about the duration of infectiousness and its variability over time.
Experimental infections suggest that viral shedding peaks around the time of symptom onset
and declines with time; viral shedding can persist for up to 1 week after infection20 (perhaps
longer in children). Our finding of a mean serial interval of 3.6 days suggests that the
average time from symptom onset in the index case to secondary infection in the household
setting may be around 2 days, assuming that time from secondary infection to secondary
onset is 1.5 days (based on the airplane data19).

Studies currently in progress are using case-ascertainment recruitment designs to evaluate
the efficacy of interventions to reduce influenza transmission in households.10 Given that
index cases in these studies are often not recruited until at least 1 day after symptom onset,
our findings suggest that these designs may underestimate the true effectiveness of the
interventions because some infections may have occurred prior to recruitment and
intervention. Nevertheless, provided that interventions can be applied soon after symptom
onset, it is likely that such studies would be able to observe attenuated efficacies, and this
should be taken into consideration when interpreting the results.

Our study had some limitations. First, our results are based on a small number of
transmission events. Second, our data correspond only to transmission of interpandemic
influenza within the household; the serial interval of transmission in other settings or in a
pandemic may be different. Third, we may have misinterpreted some coprimary cases as
secondary cases, leading us to underestimate the serial interval. With a small sample size
and no obvious bimodality in the distribution of onset times, it is difficult to separate
possible coprimary cases from the left-hand tail of the distribution. However, most
coprimary cases would be excluded by our study design.

Some secondary cases may be wrongly attributed to the household index where infection of
the household contact actually occurred outside the home from another infected person. Our
main analysis does not explicitly allow for community transmission. However, the external
force of infection is thought to be orders of magnitude lower than the force of infection
within the household.21 Incorporating this in sensitivity analyses did not change our
estimates of the serial interval (eTable 3, http://links.lww.com).

It is unlikely that we have confused secondary and tertiary cases in our analysis, because in
households with multiple apparent secondary infections, symptoms appeared at the same
time (in 1 household 2 asymptomatic secondary cases appeared at different times) (eTable 1,
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http://links.lww.com). In datasets in which there is the possibility of coprimary or tertiary
cases, the methods presented here would need to be modified.

We may have missed some secondary cases due to errors in the laboratory data, or for
example if the period of viral shedding fell entirely within the home visits, which on average
took place at 3-day intervals. It is known from experimental infections that viral shedding
typically begins around the same time as symptom onset,20 Therefore we felt justified in
incorporating laboratory data when determining the true date of symptom onset (eTable 1,
http://links.lww.com). Finally, our case-ascertainment study design naturally excluded
household index cases with asymptomatic or subclinical infections. It would be challenging
to collect longitudinal data on a cohort large enough to detect asymptomatic index cases and
subsequent secondary cases.

There is a well-known relationship between the basic reproductive number, R0, and the
serial interval, and modeling results can be sensitive to the choice of serial interval.22,23 If
and when larger datasets become available, it would be interesting to compare estimates of
the serial interval for transmission in different settings and to investigate heterogeneities in
the serial interval due to infector characteristics (eg, viral shedding), infectee characteristics
(eg, antibody titers) or virus type or subtype.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Estimated serial interval of influenza (cumulative distributions) using Weibull (solid),
gamma (dashed), and lognormal (dot-dashed) parametric models compared with a
nonparametric estimate (dotted).

Cowling et al. Page 6

Epidemiology. Author manuscript; available in PMC 2011 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Estimated serial interval of influenza (density function) assuming a Weibull distribution
(black line) and the associated uncertainty (gray lines) from 100 parametric bootstrap
resamples.

Cowling et al. Page 7

Epidemiology. Author manuscript; available in PMC 2011 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


