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In March 2020, a Finnish businessman who had just returned
from a skiing trip noticed something strange in the output from
his Oura ring, the fitness tracker he had been wearing on one of
his fingers for a year [1]. Although he did not feel sick, the device
detected that his body temperature was 1 �C above normal, and
it rated his overall condition as subpar. Concerned, the man saw
a doctor and found out he was infected with the coronavirus dis-
ease 2019 (COVID-19) coronavirus. His experience helped spark
several studies involving thousands of Oura wearers to test
whether data collected by the tracker can allow early diagnosis
of COVID-19 [2].

As more and more people become infected and die from
COVID-19, the world is looking to new technologies that may help
fight the spread of the new pathogen. ‘‘There is a lot of opportunity
here,” said Jeffrey Klausner, a professor of infectious diseases at the
David Geffen School of Medicine at the University of California, Los
Angeles. Cell phone tracking, the Oura ring, and smart thermome-
ters are three high-profile examples of technologies already in use
or being tested to determine whether they can speed diagnosis,
illuminate the spread of the virus, and uncover or possibly predict
outbreaks of the disease.

Privacy issues aside, a person’s cell phone can provide a detailed
itinerary of their life [3]. Many apps capture location information
through Global Positioning System (GPS), connections to wireless
fidelity (Wi-Fi) networks, and other means [4]. Telecom companies
record customers’ movements based on cell phone tower pings [5].
Facebook, Google, and Apple have also amassed troves of data on
user mobility from cell phones that they have released to help illu-
minate the scope of the pandemic [6,7].

Analyses of these location data, pooled from thousands and
even millions of phones, are proving useful for tracking the disease
trends and guiding public policy [8]. One way in which this data
has been enlightening is by providing ‘‘epidemiologic insights on
mobility,” said Alain Labrique, a professor of global disease epi-
demiology and control at Johns Hopkins University in Baltimore,
MD, USA. For example, scientists have used pooled cell phone loca-
tion information to gauge the effectiveness of stay-at-home regula-
tions. Data from 15 million US phones showed that the lockdowns
that many states and cities began to adopt in mid-March made a
dramatic impact [9]. On average, users in counties with lockdowns
reduced the distance they traveled by about 84% between late
February and late March 2020. In contrast, the decrease in counties
that did not have these regulations was only 67%, suggesting that
the restrictions were curbing travel [9].

A different analysis of cell phone data for 86 million people
found that decreased mobility appears to help limit the virus’
spread. In the 25 US counties with the most COVID-19 cases, the
study determined, residents began to stay home before govern-
ment officials required it, and the reductions in movement corre-
lated with declines in the rate of growth in new coronavirus
infections starting 9–12 days later [10].

Not everyone can stay home, however, and cell phone records
have elucidated factors that might influence whether people shel-
ter in place. Data from the company Cuebiq (New York City, NY,
USA) pinpointed the phones of 15 million users across the United
States between mid-February and late March 2020, allowing com-
parisons of movement patterns in different areas [11]. By 16 March
2020, residents of high-income areas had cut their movement by
50%. However, residents of low-income areas did not reach a 50%
reduction until three days later, and in some cities the delay was
a week or more [11]. These findings may help explain why
COVID-19 has disproportionately affected low-income people, said
Labrique.

Another analysis of location data from around 18 million
phones showcased their potential for helping to monitor
compliance with shelter-in-place regulations. By late April 2020—
before many US states began to officially loosen shelter-in-place
restrictions—the percentage of people remaining home had
declined by 13% from its peak, a drop said to be possibly related
to ‘‘confinement fatigue” [12].

Cell phone location data has also helped document events that
may have spread the virus. In March 2020, for instance, the data
companies X-Mode (Reston, VA, USA) and Tectonix (Columbia,
MD, USA) probed location records for about 5000 phones that
had been on one Florida beach during the annual US ‘‘spring break”
holiday. Their widely publicized findings showed that after spring
break ended, the phones’ owners scattered throughout much of the
United States, potentially carrying the virus with them [13]. And
cell phone-based analyses of mobility have led to policy changes.
In early April 2020, such evidence showed that rural residents in
Tennessee were not curtailing their travel, prompting the governor
to order a lockdown for the state [14].

As every smart phone user knows, location information can be
imprecise, but that is not an impediment for tracking population
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movements, said Swarun Kumar, an assistant professor of electrical
and computer engineering at Carnegie Mellon University in
Pittsburgh, PA, USA. GPS, for example, is usually accurate to within
tens of meters outdoors, but it can be off by more than a hundred
meters indoors. ‘‘Based on the assumptions with which these
studies are performed, these errors are not of significant concern,”
Kumar said. But an important limitation of this approach, he
added, is that it overlooks certain population groups, such as chil-
dren and adults who do not have smart phones. Moreover, location
data cannot reveal whether people are taking other measures to
curtail viral transmission even if they are moving around, such as
maintaining social distancing and wearing face masks, and its
value for predicting the disease’s spread remains uncertain [15].

Instead of tracking users’ movements, devices such as the Oura
ring and internet-connected thermometers capture biometric data
that may provide more direct evidence of infection and the pan-
demic’s spread. Asymptomatic and pre-symptomatic people with
COVID-19 may be contagious [16]. As in the example of the Finnish
businessman, devices like the Oura ring could help uncover such
hidden or early infections, possibly prompting individuals to get
tested and self-isolate. The US National Basketball Association
(NBA) bought into the idea, making the ring part of its plan to
monitor players’ health so that it could resume its disrupted season
[17].

Invented by the Finnish company Oura Health (Oulu, Finland),
the ring, which costs 299 USD, registers heart and respiration rate,
body temperature, and movement (Fig. 1). Several studies are now
testing whether patterns in these records might be useful for iden-
tifying people with COVID-19 infections. In one such study,
researchers at the University of California, San Francisco, and col-
leagues are following 2000 doctors, nurses, and other healthcare
workers in San Francisco who are at high risk of exposure, as well
as other Oura wearers [18]. A similar study conducted by scientists
at West Virginia University is investigating whether the ring can
help forecast when 600 health care workers and first responders
will develop symptoms [19]. Both studies have announced positive
preliminary results, including evidence that the ring can help pre-
dict COVID-19 symptoms as much as three days in advance. How-
ever, the findings have not been published in peer-reviewed
journals [2].
Fig. 1. The Oura ring captures three kinds of data about wearers. Infrared sensors
measure heart rate by detecting when arteries in the finger become more opaque, a
sign that the heart has just pumped blood through the vessels. A negative
temperature coefficient sensor, which gauges electrical resistance, measures skin
temperature. And a three-dimensional accelerometer detects movement. An
algorithm in the linked cell phone app then profiles the user’s sleep, activity, and
readiness, a general measure of physical condition. The hope is that alterations in
users’ scores will reveal whether they are asymptomatically or pre-symptomati-
cally infected by the COVID-19 coronavirus. Credit: Oura Health (public domain).
The smart thermometers (Fig. 2) made by the San Francisco-
based company Kinsa already have more than two million users
in the United States [20]. The thermometers automatically send
body temperature measurements to the company, which has
charted the data to establish baseline levels of fever throughout
the country. An increase from these baseline levels can signal that
the flu or a similar disease is spreading.

A study conducted before the COVID-19 pandemic indicated
that including data from the thermometers led to better predic-
tions of flu outbreaks [21]. Kinsa also suggests that the information
can help locate surges in COVID-19 infections. The company now
publishes a county-by-county map online that shows where in
the United States flu-like illnesses—which could include
COVID-19—are above their established baseline [22]. In March
2020, Kinsa announced that its data suggested that lockdowns
were reducing the incidence of COVID-19 [23]. And in June 2020,
the company reported that increases in fevers predicted spikes in
cases in states such as Arizona that had begun reopening [24].

Klausner and Labrique, however, said that the Kinsa thermome-
ter data has only limited value. Although the thermometers could
identify some outbreaks of illness that need to be investigated,
because of their spotty adoption—less than 1% of the US population
uses them—they will miss other outbreaks, Labrique said. Klausner
noted that fever is not a specific symptom, and people with
COVID-19—including many of the elderly people who are at
greatest risk from the virus—often do not have a fever. As a result,
‘‘temperature monitoring is going to miss a lot of people with
infections,” said Klausner, adding that the Oura ring is more
promising because it measures other variables. Even so, a signifi-
cant fraction of people who are infected but do not have symptoms
will escape detection. The NBA’s reopening plan also included reg-
ular testing for the virus, and that is a better way to find out if any
players are infected, Klausner said.

As the pandemic continues, researchers are investigating
whether additional technology can help inform efforts to contain
the crisis. One approach, which builds on equipment and proce-
dures already in place, attempts to detect COVID-19 outbreaks by
monitoring sewage for the coronavirus [25]. Another approach,
discussed in the second article of this News and Highlights column,
Fig. 2. The 30 USD Kinsa smart thermometer works with a cell phone app that
records the users’ temperature history and transmits the values to the company for
public health forecasting of the spread of flu and flu-like illness, including COVID-19.
Readings from the more than one million Kinsa thermometers in use have allowed
Kinsa to establish baseline levels of fever across the United States. The company’s
HealthWeather maps, available to the public on the company’s website, showwhere
fever is above the expected levels, a possible indicator of a coronavirus outbreak. The
map for 31March 2020, for example, revealed an increased level of fevers in the New
YorkCity area,where COVID-19 caseswere surging. Credit:Wikimedia Commons (CC
BY 2.0).
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involves using cell phones to facilitate contact tracing of
COVID-19-infected individuals.
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