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A predictive model for cross-border COVID
spread
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Mobility between the four Nordic and the other countries, represented by lines
connecting the origin and destination. Credit: PLOS Computational Biology
(2024). DOI: 10.1371/journal.pcbi. 1012182

As COVID-19 spread globally in 2020, many countries swiftly closed
their borders to prevent the disease from entering. However, there was
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little scientific evidence to support the effectiveness of such measures.

While post-COVID research has extensively focused on the efficacy of
internal travel restrictions, cross-border travel has received less attention
due to challenges in accessing quality data. In a major multidisciplinary
collaboration effort across Finland, Sweden, Norway, and Denmark, a
group of researchers—including mathematicians, physicists and
computer scientists—have published a pioneering study on the spread of
infections across Nordic borders from spring until the end of 2020.

The report sheds light on the efficacy of cross-border travel restrictions,
helping us better understand which measures actually make a difference.
The research is published in the journal PLOS Computational Biology.

"There have been many studies using data and modeling within
countries, but this cross-border research is rather unique," says Associate
Professor of Mathematics Lasse Leskeld from Finland's Aalto
University.

The researchers developed a sophisticated mathematical model relying
on a long trail of footwork gathering travel data from the four
neighboring countries. The focus was on the short-term spread of the
disease at a stage of the pandemic when infections had already started to
spread within each country.

Border closures a blunt tool

The modeling revealed that cross-border closures were only likely to
have a significant impact in very specific scenarios. For example, a
substantial disparity in disease prevalence between two countries would
have to be accompanied by a high volume of cross-border traffic for
restrictions to notably impact spread.
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It is notable that even though Sweden's comparatively loose restrictions
in 2020 contributed to the nation having vastly more case numbers than
in neighboring Finland, the overall impact of cross-border travel on the
Finnish disease situation was low in absolute terms.

"The way I see these results is that the closing of borders was mostly not
very well justified. This was done out of uncertainty, because countries
did not know what else to do. Since it has so many adverse effects, my
take on this is that in the future, such drastic measures must be very
carefully considered," says Professor Tapio Ala-Nissild from Aalto
University.

However, the researchers point out that in different stages of a pandemic
situation, there can be many layers of complexity. If a government must
act, choosing between restricting local populations within its borders
versus restricting travel across them, the latter may prove the better
option.

"According to our model, travelers from Sweden were over 10 times
more likely to have COVID-19 in the summer of 2020 than the domestic
Finnish population. So if you think about when the restrictions should hit
and who should be affected, it would make more sense to place
restrictions on these travelers at this time," Assistant Professor Mikko
Kiveld from Aalto University points out.

The model also shows interesting differences between types of travel.
Commuters, who may spend half a day in the destination country at a
time, played a smaller role in spreading infections than vacationers who
possibly spent their entire infectious periods in the country.

Preparing for the next pandemic

Kivelid emphasizes that in spring 2020, decision-makers were faced with
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myriad uncertainties that made it impossible to reliably analyze and
estimate the effects of their countermeasures. This is also where the
current study makes its most significant contribution—as a predictive
model for future use.

"The really important part is that we have developed different ways of
looking at this question: a mathematical machinery to answer questions
about what border control interventions are necessary and when to
apply," says university researcher Mikhail Shubin from the University of
Helsinki.

Although the current study pertains to the Nordics, the researchers say
that it can be applied to other countries as well. The main concern is
getting reliable and comparable data. Often, even if the outward
appearance of a particular data set is promising, details like reporting
delays will complicate its usage.

"Access to mobility is not easy to gain, and within the Schengen area in
particular there is no detailed tracking for who moves where. You need
to have access to lots of data sets, from road crossings to railroads,
ferries and airplanes. We also used mobile phone data to validate our
findings," explains Leskeld. "Usually, to do this detailed modeling, you
need personal contacts and you need to build trust."

More information: Mikhail Shubin et al, The influence of cross-
border mobility on the COVID-19 epidemic in Nordic countries, PLOS
Computational Biology (2024). DOI: 10.1371/journal.pcbi.1012182
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