FIGURE 3

Probability of detecting travellers infected with novel
coronavirus (2019-nCoV) at airport entry screening by
travel duration and sensitivity of exit screening
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Each cell is a mean of 10,000 model simulations. Other parameters
(incubation period, symptom onset to hospitalisation period, and
proportion of asymptomatic infections) were fixed at baseline
assumptions (Table). Intervals are probabilities of detection,
binned at increments of 10% (0-10%, 10-20%, etc.).

Syndromic screening designed to prevent infected
and potentially infectious cases entering a country
undetected is highly vulnerable to the proportion of
asymptomatic infections and long incubation periods.
If our baseline scenario is modified to have 0% asymp-
tomatic 2019-nCoV infections and 100% sensitivity of
entry screening, the incubation period will need to be
around 10-fold shorter than the period from symptom
onset to severe disease (e.g. hospitalisation) in order
to detect more than 90% of infected travellers that
would not otherwise report illness at either exit or
entry screening.

Discussion and conclusions

As a response to the ongoing outbreak of the 2019-
nCoV originating in Wuhan, exit screening has been
implemented for international flights leaving China’s
major airports. Thermal scanning, which can identify
passengers with fever (high external body tempera-
ture), allows for passengers exhibiting symptoms of
2019-nCoV infection to be tested before they board a
plane. Similarly, entry screening for flights originating
in the most affected regions may be under considera-
tion at airports in regions in and outside China. We
estimate that the key goal of syndromic screening at
airports - to prevent infected travellers from entering
countries or regions with little or no ongoing transmis-
sion - is only achievable if the rate of asymptomatic
infections that are transmissible is negligible, screen-
ing sensitivity is almost perfect, and the incubation
period is short. Based on early data from Li et al. [8],
2019-nCoV appears to have a shorter incubation period
than severe acute respiratory syndrome (SARS), and
a higher rate of asymptomatic infections [11]. Under

generally conservative assumptions on sensitivity,
we find that 46 of 100 infected travellers will enter
undetected.

Entry screening is an intuitive barrier for the preven-
tion of infected people entering a country or region.
However, evidence on its effectiveness remains limited
and given its lack of specificity, it generates a high
overhead of screened travellers uninfected with the tar-
geted pathogen [5]. For example, when entry screening
was implemented in Australia in response to the 2003
SARS outbreak, 1.84 million people were screened, 794
were quarantined, and no cases were confirmed [12].
While some cases of 2019-nCoV infection have been
identified through airport screening in the current out-
break, our estimates indicate that likely more infected
travellers have not been detected by screening.

It is important to note that our estimates are based
on a number of key assumptions that cannot yet be
informed directly by evidence from the ongoing 2019-
nCoV outbreak. The current outbreak has spread rapidly
and early evidence suggests that the average disease
severity is lower than that of SARS. This may also sug-
gest a substantial proportion of asymptomatic cases.
A recent analysis of a family transmission cluster is
based on a small sample size but one in six infections
was asymptomatic [11]; this is a major impediment for
the effectiveness of syndromic screening. However, if
asymptomatic cases were not infectious they would
not pose a risk for seeding infection chains on arrival.
To allow easy adaptation of our results as new insight
becomes available in the coming weeks, we devel-
oped a free interactive online tool, available at https://
cmmid-Ishtm.shinyapps.io/traveller_screening/.

While the most up-to-date data on the incubation
period or the time until recovery from 2019-nCoV infec-
tion have been used in this analysis, these figures are
likely to change over time as more data become avail-
able. Unless the incubation period is only a small frac-
tion of the duration of infection in relation to that of
symptomatic disease, and fever in particular, syndro-
mic screening is likely to detect an insufficient fraction
of infected cases to prevent local infections. In addi-
tion, the sensitivity of airport screening for the detec-
tion of 2019-nCoV has not been evaluated. However,
we chose conservative estimates and show that with
reduced sensitivity, the effectiveness of syndromic
screening would further decline.

In many international airports, information is provided
to travellers from affected regions recommending
action if they develop symptoms on or after arrival [13-
16]. Some countries, for example Japan, also require
incoming passengers to complete forms detailing their
past and future travel in order to aid tracing [17]. Due
to the duration of the incubation period of 2019-nCoV
infection, we find that exit or entry screening at airports
for initial symptoms, via thermal scanners or similar, is
unlikely to prevent passage of infected travellers into
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