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Abstract: The pandemic caused by the new coronavirus (SARS-COV-2) has led 
to more than two million deaths in the world by March 2021. The worldwide call 
to reduce transmission is enormous. Recently, there has been a rapid growth 
of telemedicine and the use of mobile health (mHealth) in the context of the 
COVID-19 pandemic. Smartphone accessories such as a flashlight, camera, 
microphone, and microprocessor can measure different clinical parameters 
such as oxygen saturation, blood pressure, heart rate, breathing rate, fever, 
pulmonary auscultation, and even voice analysis. All these parameters are of 
great clinical importance when evaluating suspected patients of COVID-19 or 
monitoring infected patients admitted in various hospitals or in-home isolation. 
In remote medical care, the results of these parameters can be sent to a call 
center or a health unit for interpretation by a qualified health professional. Thus, 
the patient can receive orientations or be immediately referred for in-patient care. 
The application of machine learning and other artificial intelligence strategies 
assume a central role in signal processing and are gaining much space in the 
medical field. In this work, we present different approaches for evaluating clinical 
parameters that are valuable in the case of COVID-19 and we hope that soon all 
these parameters can be measured by a single smartphone application, facilitating 
remote clinical assessments.

Keywords: coronavirus infections, mobile health, pandemics, smartphone, 
telemedicine

Resumo: A pandemia causada pelo novo coronavírus (SARS-COV-2) foi a 
responsável por mais de dois milhões de mortes no mundo até março de 2021. 
O apelo mundial para reduzir a transmissão é enorme. Recentemente, houve um 
rápido crescimento do uso de telemedicina e saúde móvel (mHealth) no contexto 
da pandemia causada pela doença COVID-19. Os acessórios dos smartphones, 
como lanterna, câmera, microfone, bem como o microprocessador podem analisar 
diferentes parâmetros clínicos, tais como, a saturação de oxigênio, pressão 
arterial, frequência cardíaca, frequência respiratória, febre, ausculta pulmonar e 
até mesmo análise da voz. Todos esses parâmetros são de grande importância 
clínica na avaliação de pacientes suspeitos de COVID-19 ou no monitoramento 
de pacientes infectados que estão no hospital ou em isolamento domiciliar. No 
atendimento médico remoto, os resultados desses parâmetros podem ser enviados 
a uma central de atendimento ou à unidade de saúde para que o resultado seja 
interpretado por profissional de saúde qualificado. Assim, o paciente pode receber 
orientações ou ser encaminhado imediatamente para internação. A aplicação de 
aprendizado de máquina e outras estratégias de inteligência artificial assumem 
um papel central no processamento de sinais e vêm ganhando muito espaço na 
área médica. Neste trabalho, apresentamos diferentes abordagens para avaliação 
de parâmetros clínicos valiosos no caso do COVID-19 e esperamos que em breve 
todos esses parâmetros possam ser mensurados em um único aplicativo para 
smartphone, facilitando avaliações clínicas à distância.

Palavras-Chave: infecções por Coronavirus, saúde móvel, pandemia, 
smartphone, telemedicina
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ABBREVIATIONS: COVID-19, Coronavirus disease 
2019; LED, light-emitting diode; mHealth, mobile health;  
SARS, Severe acute respiratory syndrome.

Introduction

The initial cases of coronavirus disease 2019 

(COVID-19), caused by SARS-COV-2, appeared in 

Wuhan, China, and quickly spread to more than 

180 countries (1). The disease was transmitted 

across different continents, making it a pandemic 

leading to negative impacts on people’s health, 

health systems, and the economy (2).

World Health Organization Coronavirus 

dashboard informed that the new coronavirus 

infection in the world reached a total of 

123,902,242 cases on 24rd March 2021. Among 

these cases, 2,727,837 deaths were registered. 

The United States recorded 29,592,831 cases 

and 538,244 deaths, with the country having 

the highest number of victims and deaths. The 

second country with the highest number of cases 

and deaths by COVID-19 is Brazil with 12,047,526 

cases and 295,425 deaths. India is the third country 

with the highest number of COVID-19 infections 

representing 11,734,058 cases, and Mexico is the 

third country with the highest number of deaths, 

with 198,239 confirmed deaths. From March 17 to 

March 24 Brazil led the number of cases (527,917) 

and the number of deaths (16,139), exceeding the 

average of 2,300 daily deaths (3).

SARS-COV-2 is a virus with an envelope and a 

lipid bilayer that fuses with the host cell membrane 

and releases viral RNA in the cell cytoplasm, 

particularly in the pneumocytes. The initial virus 

takes over the cellular machinery to replicate, 

produce viral proteins, and assemble new viruses 

that can infect other cells, thus initiating a series 

of viral multiplication. Transmission is rapid and 

spreads from person-to-person via air or indirectly, 

by contact with contaminated secretions, such 

as droplets of saliva, with an average incubation 

period of 3 to 9 days (1, 4, 5). 

COVID-19 is a zooanthroponosis caused by a 

virus belonging to the Coronaviridae family and 

can lead to respiratory disease that, in many cases 

can result in serious systemic repercussions (6). 

The disease progression is rapid, capable of 

causing diffuse alveolar lesions, large inflammatory 

infiltrates, desquamation of pneumocytes, 

pulmonary edema, leading to acute respiratory 

distress. Other organs such as the liver, kidney, or 

nervous system, for example, can also be affected. 

This occurrence demonstrates the destructive 

power of this virus or its interaction with the immune 

system. It can be asymptomatic in many cases 

but, the initial symptoms can be similar to a flu 

syndrome (runny nose, cough, fever, etc.). However, 

when the disease progresses to a serious form, the 

presence of high fever, dyspnea, fatigue, anorexia, 

a significant decrease in oxygen saturation, and 

coagulopathies are often observed (5, 7).

The gold standard diagnostic is the detection 

of the viral RNA sequence using the Real-Time 

Polymerase Chain Reaction (RT-PCR) in naso-

oropharyngeal smears. However, Point-of-care 

testing (POCTs) are being used to detect IgG 

and IgM anti-COVID-19 antibodies (8). In cases 

of COVID-19, patients’ vital signs need to be 

monitored. As the disease worsens, in addition 

to vital signs, it is essential to monitor respiratory, 

renal, and cardiac functions, as well as requesting 

laboratory tests to assess hematological, 

coagulation, and biochemical profile (6).

The developments of new diagnostic methods 

are advancing rapidly and increasingly seeking 

to be less invasive, low cost, and accessible to 

the entire population (9,10). The introduction of 

mobile health and smartphone application for 

clinical evaluation and monitoring is a new trend 

and is already part of our daily life (11). Smartphone 

accessories (flashlight, camera, and microphone), 

as well as the processing capacity, allow these 

devices to monitor vital signs and even diseases 

such as diabetes (12, 13) and anemia (14). 

Global health systems are facing a great 

challenge in light of the huge number of COVID-19 

cases. Telehealth practice is emerging as a way to 

help health systems (15, 16). Although there is still 

resistance to implementing telemedicine, there 

are signs of improvements. The pandemic scenario 

is influencing our medical practice; among other 

things, it is accelerating the advances related to 



Thiago Mazzu-Nascimento • et al.
Remote and non-invasive monitoring of patients with COVID-19 by smartphone 3/9

the use of telemedicine. Some authors are indeed 

encouraging the use of telemedicine as a strategy 

to avoid contamination risk at hospitals and clinics 

(17). The Brazilian Federal Council of Medicine is 

responsible for supervising and regulating medical 

practice in Brazil, manifested by letter on March 19, 

2020, the possibility of incorporating telemedicine, 

exceptionally, during the COVID-19 pandemic (15).

Here, we present different approaches using the 

smartphone to monitor patients with COVID-19. 

Figure 1 illustrates the different clinical parameters 

that can be analyzed by the smartphone and its 

several accessories.

Figure 1 – Clinical parameters that can be assessed using the smartphone to monitor patients with COVID-19

Oxygen saturation with smartphone

The decrease in oxygen saturation (SpO2) is 

associated with dyspnea and hypoxemia. This 

condition has been related to a high mortality 

rate among patients who have been diagnosed 

with COVID-19. When the SpO2 value is below 

93%, oxygen therapy is commonly indicated (18).

A pulse oximeter is a small portable device that 

allows continuous and non-invasive monitoring 

of oxygen saturation (19). Red and infrared LEDs 

(wavelength ranging from 660 to 900nm) are the 

most commonly used in pulse oximeters (20).

These types of equipment are simple, user-

friendly, and intuitive devices that cost around 
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$30. Although these are portable devices that 

allow non-invasive measurement of SpO2 (21), are 

still not widespread in the population, being used 

only by health professionals, while smartphones 

are used by the majority of the population. In 

2018, the number of mobile phones in the world 

exceeded 5 billion, indicating that almost 70% of 

the population has access to a smartphone (22). 

Brazilians have a preference for this type of device 

for internet access. In 2014, out of the 36.8 million 

households observed, 29.6 million accessed the 

internet via smartphone (23).

Lamonaca et al. (24) in 2015 presented an 

approach to measure oxygen saturation using 

only the smartphone’s flashlight and camera. The 

patient`s fingertip is videotaped by smartphone-

based photoplethysmography with a flashlight 

(LED emitting white light). The deviation of 

light is captured by the rear camera of the 

smartphone (13). Changes in signal strength in 

the red and green color channels of the frames 

are analyzed. These channels have a wavelength 

range of 600nm and 940nm respectively and two 

Photoplethysmography wave profiles are used to 

assess SpO2. The results showed great similarity 

when compared with commercial methods (24).

One of the manifestations of COVID-19 

pneumonia is silent hypoxia, a condition in which 

there is a reduction in oxygen saturation, but the 

patient does not experience respiratory discomfort 

or pain, common to other types of pneumonia. 

The virus causes the alveoli to collapse instead 

of filling with fluid or pus, as in other infections. 

One way for early detection of silent hypoxia 

is by using the smartphone, which has shown 

correction between 96-99% with a commercial 

pulse oximeter (21).

Blood pressure with smartphone

Some infectious diseases, including COVID-19, 

can lead to hypotension as a manifestation of 

myocardial or systemic complications (25).

One way to calculate blood pressure using only 

the smartphone is through photoplethysmography. 

Similar to SpO2 measurement, video frames are 

extracted from the patient’s fingertip. The red 

components of the image pixels are used to plot 

and generate the photoplestimographic waves 

(signal intensity by time). Artificial intelligence 

techniques, such as the Artificial Neural Network, 

are then used to process the signals and estimate 

blood pressure (13).

Another way to measure blood pressure using 

the smartphone is to use the value of the transit 

time of the pulse, using photoplestimographic 

combined with a phonocardiogram. While 

Photoplethysmography uses the smartphone’s 

flashlight and camera accessory to extract 

red signals, the phonocardiogram uses the 

microphone to record cardiac sounds when the 

smartphone approaches the chest (26).

Heart and breathing rates with 
smartphone

Among people with COVID-19, about 13.8% 

evolves with an elevation of respiratory rate. It is 

common also that people with this disease have 

changes in the heart rate, indicating the potential 

of clinical complications and the necessity of 

close monitorization (27, 28). 

Smartphones are mostly equipped with two 

cameras; front and rear. Taking advantage of 

these technological features, Nam et al used front 

and rear cameras of smartphones to estimate 

heart and breathing rates simultaneously. The 

rear camera was used to film the index finger 

based on photoplestimography and the heart rate 

was estimated. The frontal camera was used to 

estimate the breathing rate using video recordings 

of movements (expansion and retraction) of the 

chest and abdomen, as shown in Figure 2 (29).
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Figure 2 – Estimated heart and breathing rate using the smartphone. A) Position of the index finger on the 
rear camera covering the entire camera with the flashlight on to estimate the heart rate, and positioning the 
front camera to capture thoracic and abdominal movements to estimate the breathing rate. B) Time profile 
of captured waves, heart rate, and respiratory rate values. Reproduced from Nam Y, et al (29) with permission 
by Creative Commons Attribution 4.0 International License (For interpretation of the references to color in 
this figure legend, please refer to the web version of the present article).

Breathing sounds and functions with 
the smartphone

The use of a smartphone coupled with a 

microphone allows low-cost analysis of respiratory 

function. The Spiro Smart is an example of a 

smartphone app that allowed to perform the 

spirometry test reliably (30). 

The use of a smartphone coupled with a 

microphone for cardiac auscultation has been 

reported. The microphone captures sounds and 

the smartphone processes signals and identifies 
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sounds and murmurs that can indicate diseases, 

such as heart valve diseases (31). One of our 

hypotheses is that the use of the microphone 

and smartphone to capture lung sounds could 

be expanded to detect pneumonia. Although 

there is no approach developed for this purpose, 

it is reasonable to imagine that the use of an 

external microphone on the auscultation points 

connected by adhesive tape that sends the 

captured sounds for the smartphone to process 

could identify the types of noise and classify them 

as typical of pathology, such as pneumonia. It 

would be something similar to what happens in 

auscultation but in a digital way. Lung diseases 

manifest by different adventitious sounds, for 

example, continuous wheezing sounds can 

indicate asthma, rhonchi continuous (bronchitis), 

discontinuous coarse crackle (chronic bronchitis, 

bronchiectasis or chronic obstructive pulmonary 

disease), discontinuous pleural rub (inflammation 

of lung membrane, lung tumor), continuous gasp 

(whooping cough), continuous stridor (epiglottitis, 

foreign body, croup, laryngeal edema), continuous 

squawk and discontinuous fine crackle may 

indicate pneumonia. Thus, these last two sounds 

could indicate a progression of COVID-19.

Fever detected by the smartphone

Fever is another signal commonly seen in people 

with COVID-19 (28, 32, 33). Intelligent sensors can 

transmit body temperature to the smartphone 

via Bluetooth. These smart thermometers are 

hardware that consists of a single microcomputer 

chip associated with an infrared thermometer. 

This system communicates with smartphones 

through an installed Android application for 

interpreting the signal (34). It is expected that, 

in a short period, smartphone applications will 

be available to monitor body temperature, and 

this will certainly involve smartphone-based 

photoplethysmography or even smartphone-

based wearable sensors. At the present moment, 

the temperature monitoring needs additional 

hardware and cannot be evaluated using the 

smartphone alone.

Voice analysis by smartphone

Voice changes usually indicate respiratory 

tract disorders. Dysphonia and other 

otorhinolaryngological symptoms should be 

part of the symptoms of COVID-19, presenting 

in a quarter of patients with mild or moderate 

infection (35). Damaging effects resulting from 

the new coronavirus and associated diseases 

can destroy the vagus and the laryngeal nerves, 

which innervate vocal cords and part of the larynx, 

impacting motor functions and sensitivity(36). 

Uloza et al. (37) assessed the feasibility of 

using a smartphone’s microphone for screening 

vocal pathologies. The voices of 118 people were 

recorded, 84 patients (with different diseases 

that result in voice alteration, including nodules, 

cysts, carcinoma, and other diseases of the 

larynx) and 34 non-sick people, using the Smart 

Voice Recorder application in ‘’wav format’’ The 

individuals sustained the vowel “a” for at least five 

seconds. This method was able to distinguish 

between pathological voices and healthy ones, 

as well as tracking voice changes automatically.

Orofacial manifestations photo analysis 
by smartphone

The use of photos obtained with a smartphone 

can also be a useful tool to assess COVID-19, 

especially in the progression of the disease. 

Orofacial manifestations may be present in cases 

of COVID-19 infection, such as ulcerative lesions 

(38). For example, the color and texture of the 

tongue can indicate whether a patient is healthy 

or may be infected with the new coronavirus. 

Dulam et al used smartphone-based photos from 

the tongues of individuals and machine learning 

techniques to classify the tongues of healthy 

and sick patients. Tongues with characteristics 

of whitish coloring and textures containing white 

spots were present in patients with COVID-19 (39). 

Final Considerations

Telemedicine and mHealth apps are powerful 

tools and can help with health monitoring and 

disease diagnosis, such as COVID-19. However, it 
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is important to emphasize that all these tools and 

innovations in health are not emerging to replace 

the medical doctor or clinical knowledge, quite the 

contrary, these tools are to help the doctor, and 

are co-supporting clinical practice. Telemedicine, 

which was already being developed through the 

use of new technologies for sensing, analyzing, and 

transferring data, gained significant impulse with 

the COVID-19 pandemic. Nonetheless, beyond the 

problem represented by COVID-19, the expanded 

access to smartphones offers opportunities for 

the popularization of these technologies and 

their use for in-person or remote health care. In 

addition to being able to replace other resources 

for the capture and analysis of clinical data and to 

concentrate this possibility in single equipment at a 

relatively low cost, assisting in face-to-face clinical 

evaluation, it can help in the transfer of medical 

data and information over long distances in real-

time. This technological possibility may qualify and 

increase the efficiency, efficacy, and effectiveness 

of medical care offered to the population, expand 

people’s access to this care and optimize the flow 

of assistance in health care networks. At the same 

time, it can be useful for teaching and research 

in the medical field, streamlining the respective 

processes, and spreading access.
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