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length worldwide3, similar to the way in which 
the collective length of one’s fingers is much 
greater than the length of the palm of the hand. 
Messager and co-workers’ model predicts that, 
even in the wettest regions, such as the Amazon 
River basin and portions of central Africa and 
southeast Asia, up to 35% of these headwater 
streams stop flowing at some point in the year. 
However, it should be noted that headwater 
streams are monitored by relatively few stream 
gauges, which tend to be located on larger, per-
ennial rivers downstream. The model might 
therefore provide highly uncertain estimates 
for the upstream regions of stream networks. 

Lack of streamflow data is a common prob-
lem for the modelling of headwater streams, 
and so data-collection efforts are being imple-
mented to fill this knowledge gap. For exam-
ple, France has developed the Observatoire 
National des Étiages (ONDE) network, which 
complements the national stream-gauging 
network but focuses on headwater streams. 
However, these programmes are costly and 
require considerable investment of resources. 

Stream gauges are also scarce for non- 
perennial streams more generally. In Messager 
and colleagues’ analysis, for instance, there 
were no gauges in non-perennial streams in 
Argentina; just one in New Zealand; and 10 in 
the United States Pacific Northwest, out of 
a network of 250 gauges. To improve mod-
els that map perennial and non-perennial 
streams, low-cost field observations will be 
needed, coupled with the development of 
high-resolution remote-sensing technology 
that frequently detects — or at least predicts 
— surface flow in streams.

Messager and co-workers’ analysis provides 
a robust, quantitative confirmation of the 
ubiquity of non-perennial rivers. Their results 
indicate the need for a fundamental change 
in the fields of river and stream science and 
management, in which non-perennial streams 
have been largely overlooked4. In arid regions, 
the predominance of non-perennial streams 
might be a major driver of water availabil-
ity and quality. And in areas where services 
developed by humans are not readily availa-
ble, ecosystem services such as flowing water 
in streams are used to meet basic needs and 
will, in part, determine the well-being and 
prosperity of people in that area5. The new 
findings therefore shine a light on the need 
for global accounting of both perennial and 
non-perennial streams.

Moreover, changes in the distribution of 
streams can have far-reaching impacts on 
carbon and biogeochemical cycles at global 
and continental scales6, and on the survival of 
stream-dwelling organisms, including many 
endangered species7. A global benchmark of 
the prevalence of perennial and non-perennial 
streams is therefore crucial for evaluating the 
effects of future changes in their distribution 
associated with climate and land-use change. 

Finally, regional and local models of streams 
are needed, as well as better data for head
waters and non-perennial portions of the 
stream network, to further increase the value 
of global models. 
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The idea behind digital contact tracing is 
that, when an individual tests positive for an 
infectious disease such as COVID-19, an app on 
their smartphone can send a notification to 
other smartphones that have been in close 
proximity, such as within 2 metres, for more 
than a certain period of time, say 15 minutes. 
However, such apps can be difficult for peo-
ple living in a democracy to accept because 
of concerns about data privacy. On page 408, 
Wymant et al.1 demonstrate effective imple-
mentation of a digital contact-tracing app on 
a large scale in a democratic society: England 
and Wales in the United Kingdom.

The technology used in the app, which was 
named the NHS COVID-19 app after Britain’s 
National Health Service, is the Google Apple 
Exposure Notification (GAEN) system. This 
uses low-energy Bluetooth-enabled radio sig-
nals to send a randomly generated identifica-
tion code from one phone to another that is in 
close proximity, creating a sort of ‘handshake’; 
these codes change every 10–20 minutes. 
The codes of phones that have been in close 
physical contact over the previous 14 days are 
stored in the app on a user’s phone. When a 
user tests positive for COVID-19, they can con-
sent to have their codes sent anonymously to 
a central server. Other app users can sync with 
the central server for a match. Thus, the app 
can help to alert people who have potentially 
been exposed to COVID-19, so that they can 
then get tested, voluntarily place themselves 
in quarantine and inform their contacts that  
they should do the same.

A contact-tracing app will make a mean-
ingful difference in the population only if a 

large enough proportion install and use it. 
The NHS COVID-19 app experience shows 
that there is enough participation in app use 
for it to be useful. An estimated 33.9 million 
people were eligible to download the app (that 
is, they were aged 16 or over, were located in 
England or Wales and had a compatible smart-
phone). Between its launch on 24 September 
2020 and the end of 2020, the app was down-
loaded on 21 million separate devices and, 
between 1 November and 11 December 2020, 
it was regularly used by an average of about 
16.5 million users, which is about 49% of the 
eligible population, or 28% of the total popu-
lation of England and Wales. Moreover, 72% of 
app-using ‘index’ cases (individuals who tested 
positive for COVID-19) consented to an app-
based exposure notification being sent after 
testing positive.

Knowing that a randomized, controlled trial 
of a digital contact-tracing app is probably not 
feasible, Wymant et al. used two ways of esti-
mating the impact of the app on the spread of 
COVID-19 from October to December 2020. 
First, using the number of observed notifica-
tions and the secondary attack rate — the pro-
portion of contacts identified who ended up 
becoming infected — they modelled the num-
ber of cases averted as a result of app use. Sec-
ond, they performed statistical comparisons 
of cumulative cases in neighbouring regions 
that had similar baseline infection rates but 
differing levels of app use, after adjusting for 
factors known to correlate with app uptake 
(such as areas being more rural, and having 
less poverty and a stronger local economy) 
and with infection rate.

Coronavirus 
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Digital contact tracing has the potential to limit the spread of 
COVID-19. A contact-tracing smartphone app that has been 
readily adopted by people in England and Wales has shown 
efficacy in reducing disease spread. See p.408 
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The authors estimated that, for every 1% 
increase in app users, the number of cases 
could be reduced by 0.8% (from modelling), or 
by 2.3% (from statistical comparisons; Fig. 1). 
The authors also estimated the probability 
that someone who received a notification 
would test positive in the following 2 weeks 
to be 6%. Overall, approximately one new case 
was averted for each individual with confirmed 
COVID-19 who consented to their contacts 
being notified through the app. 

The estimated effect of the app on reducing 
spread of the disease is particularly remark-
able given that COVID-19 testing was not  
mandatory, and self-isolation or quarantine 
was not strictly enforced for index cases or for 
those who were notified. In a series of UK sur-
veys, among those who reported symptoms 
of COVID-19 in a 7-day period, only 20.2% 
reported having isolated fully, although 
around 70% intended to adhere to the rules if 
symptoms developed2. 

A common criticism of digital contact 
tracing is that it could create a lot of ‘noise’, 
by contacting  a large number of individu-
als who have a low chance of having been 
infected, compared with the contacts identi-
fied by human (or ‘manual’) contact tracers, 
whose detailed interviews might be more 
likely to reach true close contacts. Wymant 
et al. showed that the secondary attack rate 
of 6% for the app is similar to the 6.9% rate 
achieved by manual contact tracing (see 
go.nature.com/2qxkkzf). They also found 
that the mean number of contacts reached 
was 4.4 for digital tracing, compared with 1.8 
for manual tracing, with the app thought to 
have reached more contacts outside an indi-
vidual’s household than did manual tracing. 
This strongly supports the idea that the app 
is as accurate as, and can be complementary 
to, manual contact tracing.

As mentioned above, digital contact tracing 
raises privacy concerns. Many citizens sim-
ply do not wish to be tracked for their health 
status, particularly when their freedom to 
travel might be compromised as a result3. How-
ever, the technology used in GAEN anonymizes 
the data and keeps them private in users’ 
phones. Furthermore, an infected person must 
consent for the codes to be sent to the central 
server to allow contact matching.  The identi-
fication codes cannot be used by someone at 
the central server to reveal the identity of the 
infected person or their contacts.

The main advantages of digital contact  
tracing are the speed and scalability it offers. 
This is particularly relevant to COVID-19, 
because individuals can transmit the 
SARS-CoV-2 virus for several days before 
developing symptoms, or can simply remain 
asymptomatic4. Contact-tracing apps might 
work more quickly and more reliably than 
manual approaches that involve interview-
ing infected people, many of whom do not 

keep track of their recent contacts and forget  
them. Another advantage of digital contact 
tracing is its ability to contact strangers; it is 
otherwise simply not possible to track down 
strangers who sat near an infected person  
on a bus.

The NHS COVID-19 app now has extra 
features. These include: the ability to ‘check 
in’ at a venue by scanning its QR code (a type 
of barcode) for later notification if the venue 
has positive cases; a symptom tracker that 

is linked to a test-booking system; and the  
ability to order tests and receive results 
through the app. 

To be maximally effective, digital contact 
tracing relies on the health system’s ability to 
follow up on potential contacts and offer them 
testing, clinical care and social and material 
support during quarantine, as needed. The 
flow of data can also strongly affect the effi-
cacy of digital contact tracing. For example, 
are positive test results self-reported to the 
app or directly obtained or auto-populated 
from the test laboratories? Will health-care 
providers and public-health officials be 
quickly informed about positive test results 
so that they can act quickly in contact trac-
ing, advising quarantine and testing for close 
contacts, and providing support and care for 
infected individuals? All these elements can 

contribute to the effectiveness of both digital 
and manual contact-tracing efforts. 

Although health officials in England and 
Wales are not made aware of the identities of 
infected individuals from the app, they can use 
data from the app to estimate infection rates in 
the postcode district (the first half of the post-
code) that is entered by users during the app 
registration process. Given these restrictions 
and the focus on privacy and autonomy (that 
is, with users having the choice of whether or 
not to send a positive-test notification), it is 
remarkable that the contact-tracing app still 
showed impressive results in mitigating the 
spread of COVID-19. The success of the NHS 
COVID-19 app offers hope that other digital 
contact-tracing apps might prove to be useful 
elsewhere, offering new capabilities in con-
taining the spread of a rapidly spreading virus. 
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Figure 1 | Estimated effects of a contact-tracing app on cases of COVID-19. Wymant et al.1 used two 
approaches to examine the possible effect on the spread of COVID-19 of a contact-tracing app deployed 
in England and Wales. a, First, they used modelling to estimate that the percentage of cases of COVID-19 
averted in each local region (each region represented by a data point) increased by 0.8% for every 
percentage-point increase in app uptake. b, Second, the authors compared the numbers of COVID-19 cases 
per 1,000 people in similar, neighbouring regions that showed differences in app uptake. The comparison 
suggested that, for every 1% increase in app uptake, there was a 2.3% reduction in cases. The red-shaded 
areas represent 95% confidence intervals. 

“This result strongly 
supports the idea that the 
app is as accurate as, and 
can be complementary to, 
manual contact tracing.”
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