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Abstract

The COVID-19 pandemic will likely take years to control globally, and constant epidemic
surveillance will be required to limit the spread of SARS-CoV-2, especially considering the
emergence of new variants that could hamper the effect of vaccination efforts. We developed a
simple and robust - Phone Screen Testing (PoST) - method to detect positive SARS-CoV-2
individuals by RT-PCR testing of smartphone screen swab samples. We show that 81.3-100% of
individuals with high-viral load SARS-CoV-2 nasopharyngeal positive samples also test positive
for PoST, suggesting this method is effective in identifying COVID-19 contagious individuals.
Furthermore, we successfully identified polymorphisms associated with SARS-CoV-2 Alpha, Beta
and Gamma variants, in SARS-CoV-2 positive PoST samples. Overall, we report that PoST is a new
non-invasive, cost-effective, and easy to implement smartphone-based smart alternative for
SARS-CoV-2 testing, which could help to contain COVID-19 outbreaks and identification of

variants of concern in the years to come.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by the SARS-CoV-2 virus, has had a
massive impact on human lives, health and quality of life, challenging countries healthcare
systems and their economies worldwide. Several countries are now facing a second or third
wave of COVID-19 cases. Moreover, the development of this pandemic is still difficult to predict
considering the emergence of SARS-CoV-2 mutations located in the receptor-binding domain of
the surface Spike protein, which creates a new hazard as evolved viral strains may be more
infectious or evade the immune response and hinder vaccination efforts (CDC, 2021a; Collier et
al.,, 2021; Greaney et al., 2021a; Volz et al.,, 2021; Wang et al.,, 2021; Wibmer et al., 2021).

Particularly the more infectious Alpha (B.1.1.7, Frampton et al., 2021; Rambaut et al., n.d.),
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together with the Beta (B.1.351, Tegally et al., 2020) and Gamma (P.1, Faria et al., n.d.), which
share the antigenic drift E484K, and the signature mutations K417N and N501Y in the region of
the spike protein that is recognised by neutralising antibodies (Collier et al., 2021; Greaney et al.,
2021b; Wang et al., 2021; Wibmer et al., 2021).

Early in the pandemic, the RNA sequence of the SARS-CoV-2 virus was made available (Wu et
al., 2020), enabling the testing of infected patients by Reverse Transcription (RT)-PCR (Arnaout et
al., 2020; Corman et al., 2020). Regular and broad testing of SARS-CoV-2 seems essential to
contain the propagation of SARS-CoV-2, as many infected individuals express no symptoms,
inadvertently spreading the infection (Ferretti et al., 2020; Kronbichler et al., 2020; Petersen and
Phillips, 2020; Pollock and Lancaster, 2020; Sayampanathan et al., 2021). Therefore, successful
epidemiological surveillance strategies required to monitor the spread of SARS-CoV-2 and the
outbreak of new strains should include large-scale screening methods that enable periodic and
continuous testing of the general population.

However, testing capacity has been limited, hampering attempts to control the spread of
SARS-CoV-2. One obstacle is that reliable nasopharyngeal sampling and RT-PCR testing is highly
invasive and requires both specialised staff and appropriate conditions for the manipulation and
transport of the samples to comply with clinical standards and protocols expected by regulatory
bodies (CDC, 2021b; UK-Government, 2021). Lateral flow device antigen tests are cheaper,
accurate when detecting individuals with high viral load, and an epidemiologically effective
option to identify SARS-CoV-2 contagious people (Dinnes et al., 2021; Pavelka et al., 2021;
Wagenhduser et al.,, 2021). Yet, correct testing also requires nasopharyngeal sampling.
Therefore, regular large-scale testing is difficult because accurate tests are either too invasive,
expensive or logistically complicated to implement, which make them unviable for the task.

To provide a simple alternative to identify SARS-CoV-2 infected individuals, we designed and

validated a method by which SARS-CoV-2 RNA can be RT-PCR detected from samples taken from
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a person’s smartphone screen. This Phone Screen Testing (PoST) method shows high sensitivity
(81-100%) compared to nasopharyngeal RT-PCR SARS-CoV-2 test results from individuals with a
high viral load, making the smartphone screen a good proxy of the health status of contagious
individuals. Furthermore, the SARS-CoV-2 variants present in PoST samples with low RT-PCR Ct
value were successfully identified. Overall, our results provide a new, non-invasive, cost-effective
and efficient method to identify COVID-19 contagious infected cases and limit the transmission

of the disease.

Results

Phone Screen Testing (PoST) pilot to identify COVID-19 positive cases.

SARS-CoV-2 RNA can be detected from many different kinds of surfaces, places and devices,
including phones (Marshall et al., 2020; Santarpia et al., 2020; Ye et al., 2020; Zhou et al., 2020).
Furthermore, active SARS-CoV-2 virus is more likely to be recovered from some surfaces when
expelled from individuals with seemingly high viral load (Bullard et al., 2020; Jefferson et al.,
2020; Sonnleitner et al., 2021). Smartphones are personal objects that are constantly exposed to
peoples” mouths, their screens becoming a likely contaminated surface. Therefore, we
hypothesised that COVID-19 contagious individuals will regularly deposit aerosols, droplets of
saliva, or upper respiratory tract secretions containing shed SARS-CoV-2 virions, over the screen
of their phone, which could then be sampled and detected by RT-PCR.

To facilitate test-trace and isolating strategies of COVID-19 infected individuals, we assessed
the RT-PCR detection of SARS-CoV-2 RNA from smartphone screen swab samples via Phone
Screen Testing - PoST. The presence of SARS-CoV-2 RNA in phone screens was then correlated
with clinical COVID-19 nasopharyngeal RT-PCR positive diagnosis of the phones’ owner. The
cohort sample in this pilot study consisted of both symptomatic and asymptomatic or pre-
symptomatic individuals who required SARS-CoV-2 testing due to a suspected SARS-CoV-2

4
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infection, close contact to SARS-CoV-2 positive individuals, or return to work and travel
authorisation requests in Santiago, Chile, between September and October 2020 (3.81%%1.0
average positivity rate in Santiago, Figure 1- figure supplement 1C-E).

Polyester swabs embedded in saline solution were used by a member of our team to sweep
the bottom half of smartphone screens of individuals (Figure 1A). Out of 540 individuals, 51
tested positive for SARS-CoV-2 by nasopharyngeal RT-PCR detection (9.4% positivity rate, Figure
1B (whole bar), Figure 1-figure supplement 1A, Source file 1). Remarkably, all samples with low
Ct value, under 20, also tested positive for PoST (n=15, Figure 1B (blue segment of bars), Figure
1C, Source file 1). Our results suggest that the ability for PoST to correctly identify positive
nasopharyngeal individuals, sensitivity, is 100% in individuals with high viral load, Ct value under
20. As shown in Figure 1C (red line, Source file 1), the accumulated sensitivity of PoST in
nasopharyngeal samples with medium Ct values below 30 is 89.7% (n=29, medium and low viral
load). Therefore, our results suggest that testing samples from smartphone screens is effective
in identifying COVID-19 positive patients with low and medium Ct RT-PCR result values, which
are thought to be actively contagious and expelling virus particles (Bullard et al., 2020; Jefferson
et al., 2020; Sonnleitner et al., 2021). The study was performed in double-blind conditions such
that the PoST and the nasopharyngeal RT-PCR tests were carried out in different laboratories by
independent teams which were not aware of each other’s result outcome.

Of all the PoST and nasopharyngeal positive samples in this cohort, 76% (n=22/29)
corresponded to individuals with no specific COVID-19 symptoms (Figure supplement 1E, Source
file 1). Therefore, testing smartphone screens is effective in identifying COVID-19 infected
individuals regardless of their symptoms at the time of testing.

The overall ability of PoST to correctly identify a negative nasopharyngeal test, specificity, in
this pilot was 98.8% (Figure supplement 1A, Source file 1). Of this cohort, 6 samples were

identified as PoST-positive/nasopharyngeal-negative, which could be interpreted as PoST false
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positives (Figure supplement 1, Source file 1). However, in two cases that were contacted after
testing, the individuals had three clear COVID-19 symptoms (Source file 1), suggesting that
rather than a PoST false positive, these cases could be a nasopharyngeal false-negative result.

To further evaluate the apparent bimodal distribution observed in the Ct values from this
cohort of positive COVID-19 clinical samples, we analysed the RT-PCR Ct dataset results of SARS-
CoV-2 positive cases from the Davila Clinic (Santiago, Chile) adding up to over seven thousand
samples (Figure supplement 2 A-H, Source File 3). When this data set was grouped in month
intervals, we did observe a specific distribution of Ct values consistent with the pilot data at the
months this cohort was tested (Figure 1B, Figure supplement 2G-H).

The results of our pilot study were encouraging and suggested that the PoST method could be

a good alternative to more invasive tests with similar sensitivity, like lateral flow antigen test
screening (Dinnes et al., 2021; Jaaskeldinen et al., 2021; Wagenhauser et al., 2021). Therefore,
validation with higher sample number was required to generate more conclusive evidence.
Validation of Phone Screen Testing in a high positivity rate cohort.
To further validate the PoST method, we increased the sample size by testing a new set of 764
individuals at the same clinic and similar cohort kind as before, between the 5" and the 16™ of
April 2021. At this time, Santiago presented a high positivity rate (12.4%%2.2, (Chilean
Department of Health, 2021) as a consequence of the second COVID-19 wave in the country,
which enabled identifying 182 positive SARS-CoV-2 individuals (24% positivity rate in this cohort
at the clinic), by nasopharyngeal swabbing (Figure 1D, Figure supplement 1B). The distribution of
RT-PCR results in this study is unimodal and tends towards lower Ct values compared to the
distribution observed in the pilot study (Figure 1B, C).

Similar to what was observed in the pilot cohort, the sensitivity of PoST ranges between
81.3% and 100% in nasopharyngeal samples with low Ct value, under 20 (high viral load, Figure

1D, E); and the sensitivity decays at higher Ct values (Figure 1E, red line). In this cohort, 35% of
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PoST and nasopharyngeal positive samples corresponded to COVID-19 asymptomatic or pre-
symptomatic individuals at the time of testing (n=43/122, Source file 2). This validation study
was also performed in the same double-blind conditions as the pilot study described above.

The overall specificity of PoST during this validation was 97.6% (Figure supplement 1B); 14
negative SARS-CoV-2 nasopharyngeal samples were identified positively by PoST (Figure
supplement 1B, Source file 2). Of these cases, we could contact 4 individuals, of which three had
clear COVID-19 symptoms, one of which tested positive when the nasopharyngeal sample was
repeated (Source file 2). This suggests that some of the discrepancies may be due to
nasopharyngeal false-negative test results.

Early in the pandemic, the notion that SARS-CoV-2 could spread via surfaces made regular
disinfection of surfaces a common practice (Goldman, 2020). We therefore evaluated whether
cleaning smartphone screens before PoST sampling could affect the test results. Of all the SARS-
CoV-2 PoST and nasopharyngeal positive samples where the screen had been cleaned within 24
hrs (n=23), 22% (5/23) were taken from phones that had been sanitised the same day (<6 hrs),
and 48% (8/23) less than 2 hrs before the PoST sample was taken (Source file 3). This suggests
that sanitising or cleaning the smartphone before the PoST sampling may not affect the
detection of SARS-CoV-2 traces on the phone screen.

This validation study confirms that the PoST method shows a high sensitivity when identifying
SARS-CoV-2 infected individuals with a low RT-PCR Ct value, regardless of their symptoms,
providing a new valuable tool to tackle the COVID-19 pandemic.

SARS-CoV-2 variant identification in PoST samples

The current challenge in COVID-19 diagnostics is to find ways to distinguish the specific SARS-
CoV-2 variant present in the tested samples to aid in containing outbreaks of variants with
higher virulence or infectivity. To aid this task, we performed a screen to address whether SARS-

CoV-2 variants can be identified from PoST samples. Fluorescent probe-based multiplexed or
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single RT-PCR reactions in 69 PoST samples from the 2021 cohort was used to identify the
following variations in the Spike (S) SARS-CoV-2 gene: del69/70, K417N/T, E484K, N501Y, P681H.
From this analysis, 36 samples fulfilled the criteria of amplifying SARS-CoV-2 control genes S and
N. Out of this group, 7 samples tested positive for at least one SNP associated with new SARS-
CoV-2 variants. Two samples had all three variations described to be present in Beta (B.1.351-
South African) or Gamma (P.1-Brasilian) variants (K417T, E484K, N501Y). Another three samples
showed variations E484K and N501, which are only found together in Gamma and Beta variants.
Even though these samples did not test positive for K417T, it is still likely that the virus in these
samples corresponds to either Beta or Gamma, as the combination of variations that tested
positive have only been found together in these two SARS-CoV-2 variants. One sample only
tested positive for SNP K417T, which is only found in Gamma and Beta SARS-CoV-2 variants.
Lastly, we identified one sample with variation del69/70 and P681H which are only found
together in the Alpha (B.1.1.7- UK) SARS-CoV-2 variant. The remaining 28 samples showed no
variation, and hence are likely to contain original Wuhan SARS-CoV-2.

Our results imply that the capacity to identify SARS-CoV-2 RNA by the primer/probe set we
used for PoST is not affected by the mutations described for the variant of concern we identified.
The capacity of identifying SARS-CoV-2 variants from PoST samples, differentiates this assay from
lateral flow device antigen testing which can only identify the presence of the virus and not

discriminate specific variants.

Discussion

A recent study suggests that socioeconomic status and delay in testing for SARS-CoV-2 was a
significant factor in the high mortality rate observed during 2020 in Santiago, Chile (Mena et al.,
2021). Therefore, finding new methods to enhance epidemiological surveillance strategies are

necessary to limit the struggle generated by the COVID-19 pandemic.
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Our study suggests that the PoST method could be an effective non-invasive way to rapidly
identify COVID-19 positive contagious individuals who actively spread the virus, regardless of
their symptoms. This method does not require specialised operators or conditions for sampling.
Furthermore, because PoST is an environmental test, the protocols and reagents required to
manipulate and process the samples for RT-PCR have been optimised to make PoST substantially
more cost-effective, circumventing the need for clinical grade reagents and standards. All which
makes PoST a good alternative for large-scale population testing.

Interpretation of the PoST method results

PoST positive tests correlate with nasopharyngeal samples with low RT-PCR Ct values, which
suggests that individuals with low Ct clinical RT-PCR results are probably passing through the
peak of a COVID-19 infection and are contagious, shedding SARS-CoV-2 viral particles which can
be detected on their smartphone screens. The Ct value of RT-PCR results from nasopharyngeal
samples may present a level of variability that is intrinsic to the nature of the technique, the
sampling process, and because the results are not standardised to an internal reference
(Dahdouh et al., 2021). However, considering these inherent limitations, correlations have been
found between nasopharyngeal samples with low RT-PCR Ct value results and the level of
infectivity assessed by the capacity to propagate the SARS-CoV-2 virus in vitro from such samples
(Bullard et al., 2020; Jefferson et al., 2020; Sonnleitner et al., 2021). Our results add support to
the possibility that patients with low Ct RT-PCR results from nasopharyngeal samples present a
high viral load and are actively shedding SARS-Cov-2, which can be detected on the screen of
smartphones.

Of all the PoST positive samples, most of which had low nasopharyngeal RT-PCR Ct results,
76% of the pilot and 35% in the validation study were asymptomatic or pre-symptomatic at the
moment of testing (Figure supplement 1E, Source file 1, 2). Suggesting that PoST is effective in

identifying COVID-19 positive individuals regardless of their symptoms.
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SARS-CoV-2 variant identification is required to further enhance epidemiological surveillance
to contain the spreading of variants of concern that are more pathogenic or infective, to contain
and isolate their dissemination. We successfully identified one PoST sample that presented all
three polymorphisms present in Beta (B.1.351) and Gamma (P.1) variants. The rest of the tests
did not unequivocally show which SARS-CoV-2 variant was present in the sample but was
enough to conclude the nature of the variant present in the sample. Even though optimisation
will be required to enhance SARS-CoV-2 variant identification in PoST samples, our results are
encouraging, and could make PoST a viable option to screen for variants of concern. In this
scenario, and although the output of results would take longer, PCR and sequencing will likely
enhance the performance of variant detection in PoST samples.

Regarding nasopharyngeal RT-PCR results with a high Ct value (i.e., lower-viral load), these
are probably in transition, and either starting or ending a COVID-19 infection. Therefore, they
are less likely to shed SARS-CoV-2 virions that can be detected by PoST. This transition is the
reason why periodic regular testing is required to identify those infected individuals once they
enter a contagious phase.

To a lesser extent and against the overall trend we observe for PoST detection, PoST positive
results were identified in this high Ct value nasopharyngeal RT-PCR results group. Given the
unstable nature of the SARS-CoV-2 virus on surfaces (Goldman, 2020), and the pervasive activity
of RNases which are ubiquitously present in the environment (Probst et al., 2006), it is unlikely
that these positive PoST results are due to the detection of long-lasting virus or RNA on the
phone screen surface. Hence, we could exclude the possibility that these PoST positive results
are the consequence of detecting RNA from when individuals were passing through a moment of
higher COVID-19 infection. Therefore, one could speculate that these results are the
consequence of suboptimal nasopharyngeal sampling, which would explain the low amount of

virus in the sample and hence, a high Ct value. Alternatively, it is plausible that these samples

10
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belong to individuals with a low viral load that are still actively contagious, which is against the
observed trend (Bullard et al., 2020; Jefferson T et al., 2020; Sonnleitner et al., 2021), but cannot
be excluded as a possibility. It will be interesting to perform a follow-up study on these
individuals as they could be part of a group with a higher capacity to shed SARS-CoV-2 along
their infectious cycle, potentially explaining the COVID-19 superspreading capacity observed in
some people (Lewis, 2021).

The distribution profile of the nasopharyngeal RT-PCR Ct test results in our study was
different in the pilot and validation cohorts. The pilot Ct results presented an apparent bimodal
distribution with low and high Ct value populations (Figure 1B). On the other hand, in the
validation study, the distribution was unimodal and most samples tended towards low RT-PCR Ct
results (Figure 1D). We speculate that this stark difference could be due to an inherent
characteristic of these cohorts related to the positivity rates in the population of Santiago at the
time of sampling. In fact, the distribution profile of the pilot nasopharyngeal Ct values is similar
to that corresponding to samples taken when the pilot sampling was performed (Figure
supplement 2G-H). At the time the pilot study was performed, Santiago, Chile, presented a low
average positivity rate (3.8%+1.0, Chilean Department of Health, 2021), and was recovering
from the first COVID-19 wave. Likewise, the distribution profile of the validation cohort
nasopharyngeal Ct results was similar to when Santiago was passing through the middle of first
the COVID-19 wave, at a high average positivity rate (9.5-26.4%, Figure supplement 2B-D). This
observation suggests that the RT-PCR Ct value results distribution could show specific profile
signatures that express the epidemiological status of the population. Confirming this observation
will further require a deeper analysis of this kind of dataset.

Advantages and limitations of the PoST method

a. Cost effective

11
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One of the main advantages of PoST is its low cost compared to clinical nasopharyngeal tests.
Excluding staff and premises, the net cost of a nasopharyngeal test in Chile ranges between $20-
25 USD which includes: sample tube, transport media, swab, RNA extraction kit and RT-PCR kit.
Because PoST does not use clinical-grade consumables and reagents, its net cost for the same
items ranges between $2-3USD when it is the result of a single sample tested RT-PCR reaction.
This net cost can go below $1USD when PoST samples are pooled and groups of 5 and a single
RT-PCR reaction is performed, which we have shown to produce reliable results for PoST samples
(data not shown).

Besides PoST not using clinical-grade consumables and reagents, one key optimisation is that
PoST does not require an RNA extraction step, which reduces the cost by approximately S7USD.
Furthermore, instead of purchasing an RT-PCR kit specifically designed for SARS-CoV-2 detection,
we assembled a combination of off-the-shelf probe/primers to detect the SARS-CoV-2 gene ‘N’
together with a generic RT-PCR kit. All together this optimisation enables a 10-fold price
reduction of the net cost of PoST compared to a regular nasopharyngeal RT-PCT test.

b. High sensitivity and specificity

The PoST method has a similar sensitivity and specificity, compared to antigen lateral flow
devices, which are extensively used for routine testing (Dinnes et al., 2021; Jaaskeldinen et al.,
2021; Wagenhauser et al., 2021). Clinical grade diagnostic RT-PCR kits include the detection of
three SARS-CoV-2 genes, plus a human positive control, either multiplexed or individually
detected. The specificity reached by PoST in this study was achieved only when detecting the ‘N’
SARS-CoV-2 gene. This could explain why PoST can miss identifying some positive
nasopharyngeal RT-PCR samples in the low Ct range. A study adding the detection of two or
three SARS-CoV-2 genes in the PoST protocol to assess if a higher sensitivity is achieved would
enable us to calculate whether this trade-off is enough to justify increasing the net cost of the

PoST assay. Especially considering that the sensitivity described in this study is already high
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enough to detect positive COVID-19 individuals to affect limiting the transmission of the SARS-
CoV-2 virus (Kennedy-Shaffer et al., 2021; Larremore et al., 2021; Mina et al., 2020).
c. Sampling speed, result turnaround of PoST.

One other advantage of the PoST method is that the sampling process takes around a minute
at most, and does not require a particular setup besides having a sterile swab and sample tube.
To maximise the speed and minimise errors in the PoST processing of samples, we developed a
barcode-based smartphone application (unpublished), which enables the efficient tracking of the
samples through the testing pipeline, ending with the delivery of results to the tested
individuals” smartphone via SMS. Moreover, pooling samples can reduce the number of RT-PCR
reactions required to process, further decreasing the time to deliver results, when the positivity
rate is below 5% to justify pooling. With all this in place, a minimal non-automatised laboratory
set up with one 96 well plate real-time PCR machine has the potential to deliver 940 test results
per day, when processed by two technicians, and working on two rounds of 470 samples.

Altogether, this enables an efficient turnaround of results such that after the samples arrive
at the lab, the results of 940 can be delivered in approximately 5.5 hours, if no positive SARS-
CoV-2 samples are found, and 6.5 hours if positive individual samples are to be identified from
pools. These times consider two technicians processing the samples to feed one 96 well plate
real-time PCR machine. Therefore, under these conditions, results for 940 tests could be
provided within the same day of sampling, which is ideal to isolate contagious cases, and
effectively curb the spreading of COVID-19.

d. PoST as an alternative self-testing method

Due to its high sensitivity, specificity, and rapid result turnaround time, lateral flow device
antigen testing has become widely used to screen for COVID-19 cases operated by trained staff
(Pavelka et al., 2021), and self-administered (Riley et al., 2021). Because this method uses highly

invasive nasopharyngeal swabbing, trained operators are the preferred option to deliver
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accurate and reliable results from these tests. From this point of view, the PoST method offers a
valuable alternative for accurate self-tests results as it is much easier and more reliable to
effectively swab the screen of a smartphone than performing a self-administered
nasopharyngeal test. This, together with the fact that SARS-CoV-2 variants can be identified in
PoST samples, gives this method further advantages compared to lateral flow antigen testing.
e. Penetration of smartphone use in the population

One aspect that is important to mention is that although it is estimated that there are around
3.8 billion smartphones in the world and their penetration is very high among the young and
adult population, their global distribution is not equitable (Turner, 2021). While penetration is
almost total among adults in developed countries, in countries such as India or Bangladesh it
does not exceed 33% of the population (Berenguer et al., 2016). On the other hand, among
senior citizens, who are precisely a vulnerable population, even in developed countries some do

not use a telephone or have older devices.

Overall, this study was aimed to validate PoST as method to identify infected COVID-19 cases
by using the smartphone as a proxy from which traces of the SARS-CoV-2 virus of the owner can
be detected. We propose that this highly-sensitive, non-invasive and cost-effective method
could well be used for mass testing and help to contain the spreading of other airborne
contagious diseases and outbreaks when tackling future epidemics. This could be particularly
useful as an early warning system for rapid detection of respiratory pathogens in public health

efforts to contain local outbreaks to prevent further escalating to other areas.

Materials and Methods

Smartphone screen swab sampling, sample processing and RT-PCR.
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Informed consent and consent to publish was obtained from all the individuals that participated
in this study before performing the sampling process. Dacron swabs were briefly dipped in
Weise medium (Merck, 1.09468.0100) and then used to swab the bottom half of mobile phone
screens by a member of our team as shown in Figure 1A. Swabs were then introduced in sterile
conical tubes containing Weise medium and briefly hand spun. Samples were processed for RT-
PCR within 8 hours.

Aliquots of swab samples were incubated at 702C for 10min as previously described (Miranda et
al., 2020). Samples were left to cool at room temperature and 3.3l aliquots were used for RT-
PCR using Promega GoTaq Probe 1-Step RT-qPCR system (A6121) according to the manufacturer
instructions and supplemented with SARS-CoV-2 N2 probes and primers (IDT#10006606) on an
[llumina Eco Real-Time PCR System. We considered a test as positive if the PCR amplification
obtained followed the expected standard sigmoidal kinetics of amplification.

Clinical sampling and RT-PCR.

For each patient, nasopharyngeal swabs were collected using standard technique, as
recommended by the manufacturer (AllplexTM 2019-nCoV Assay insert) and transported to the
laboratory in viral transport medium (prepared according to the standard operating procedure
of the CDC, USA). For all samples, RNA extraction was performed using STARmag kit (Seegene,
Korea), and following the manufacturer's instructions. For the analysis of the pilot cohort
samples, target gene amplification of SARS-Cov-2 was performed using the AllplexTM 2019-nCoV
Assay kit (Seegene, Korea), according to the manufacturer’s procedure. The RT-qPCR preparation
was carried out in the Starlet equipment (Hamilton, USA, distributed by Seegene) and the gPCR
amplification in a CFX-96 thermal cycler (Biorad, USA). The AllplexTM 2019-nCoV Assay kit
detects 3 viral genes (N, RdRP and E). We considered a test as positive if PCR amplification was

obtained with N gene and RdRP. If only the E gene was amplified, the test was considered
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presumably positive, thus requiring repetition by another extraction instrument (MagNAPure
Compact System, Roche).

Identification of SARS-CoV-2 variants

The detection of different SARS-CoV-2 single nucleotide and deletion variants was performed
using the Applied Biosystems™ TagMan™ SARS-CoV-2 Mutation Panel kit (ThermoFisher)
according to the conditions recommended by the manufacturer, on the AriaMx Real-time PCR
system (Agilent Technologies) thermal cycler for fluorescence detection on VIC (reference
sequence) and FAM channels (mutation sequence); and the AccuPower® SARS-CoV-2 Variants ID
Real-Time RT-PCR kit (Bioneer) according to manufacturer conditions, on the Exicycler 96 V4 Real
Time thermal cycler (Bioneer) to detect fluorescence on the TET, TexasRed, FAM, TAMRA and

Cyanine5 channels.
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Figure 1. Phone Screen Testing and RT-PCR can identify individuals with high SARS-CoV-2 viral
load. (A) Schematic of smartphone sampling. Swabbing follows the dashed line indicated
trajectory. (B, D) Histograms showing the distribution of individuals on ranges of clinical RT-PCR
Ct value results for the pilot cohort (B, full dataset in Source File 1) and validation cohort (D, full
dataset in Source file 2). For example, bar Ct value 11 corresponds to samples with Ct between
[11-13[ interval. Whole bar, all individuals with positive nasopharyngeal RT-PCR result. Blue bar
section, those individuals also PoST positive. (C, E) Bars represent the accumulated number of
individuals with positive RT-PCR clinical results under the Ct value number associated with the
bar for, (C) pilot cohort, and (E) validation cohort. Red line in both plots depicts the sensitivity
observed relative to clinical nasopharyngeal RT-PCR testing at the corresponding accumulated Ct
value results. Left axis, percentage of sensitivity; right axis, number of accumulated individuals

under the corresponding Ct value.

Figure supplement 1 - Pilot and Validation study cohort data analysis.

(A, B) Two-by-two tables for sensitivity and specificity of PoST method compared to
nasopharyngeal RT-PCR results in the (A) pilot cohort (Source file 1) and (B) validation cohort
(Source file 2). (C-F) Bar plots representing the number of individuals in the pilot (left bar) and
validation (right bar) studies showing age distribution (C), sex distribution (D), symptomatic and
asymptomatic patients (E), and COVID-19 symptoms score (F). Each COVID-19 symptom
(anosmia, coughing and fever) was assigned a value of 1. Score 1=1 symptom, score 2=2

symptoms.

Figure supplement 2. SARS-CoV2-19 RT-PCR Cycle threshold (Ct) values in Chilean individuals.
(A-H) Histograms representing the Ct value distribution of the patients from Davila Clinic

(Santiago, Chile) between March and October 2020 (n=7569, Source file 3).
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Source File 1. Table 1 including all data generated by the 2020 cohort study.
Source File 2. Table 2 including all data generated by the 2020 cohort study.

Source File 3. Table 1 including all data generated by the 2020 cohort study.
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