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Abstract
Wearable smart sensors are emerging technology for daily monitoring of vital signs with the reducing discomfort and inter-
ference with normal human activities. The main objective of this study was to review the applied wearable smart sensors 
for disease control and vital signs monitoring in epidemics outbreaks. A comprehensive search was conducted in Web of 
Science, Scopus, IEEE Library, PubMed and Google Scholar databases to identify relevant studies published until June 2, 
2020. Main extracted specifications for each paper are publication details, type of sensor, disease, type of monitored vital 
sign, function and usage. Of 277 articles, 11 studies were eligible for criteria. 36% of papers were published in 2020. Articles 
were published in 10 different journals and only in the Journal of Medical Systems more than one article was published. 
Most sensors were used to monitor body temperature, heart rate and blood pressure. Wearable devices (like a helmet, watch, 
or cuff) and body area network sensors were popular types which can be used monitoring vital signs for epidemic trending. 
65% of total papers (n = 6) were conducted by the USA, Malaysia and India. Applying appropriate technological solutions 
could improve control and management of epidemic disease as well as the application of sensors for continuous monitoring 
of vital signs. However, further studies are needed to investigate the real effects of these sensors and their effectiveness.

Keywords Wearable sensors · Vital signs monitoring · Epidemics outbreak · Body area network

1 Introduction

Health services due to information technology develop-
ment have great changes, especially in remote monitoring 
(Li et al. 2019). Focusing on disease prevention and early 
detection of high-risk disease disabilities is one of the main 
goals of using physical sensor networks (Majumder et al. 
2017). Todays, the smart systems and developed tools have 
significantly increased for the instant monitoring among the 
patients and controlling their conditions (Gries et al. 2018). 
The ability of such smart systems in storing and transferring 
data is of great importance in different branches of health-
care (e.g. Telemedicine) (Ha et al. 2018). Wearable systems 

are mainly used for monitoring the symptoms and status of 
patients, follow up, telemedicine, monitoring of nursing and 
medical team systems, surgery robots, and many other sys-
tems (Lin et al. 2018; Majumder and Deen 2019). However, 
wearable sensors have received tremendous attention over 
the past decade, mainly concentrated in the healthcare indus-
try. Such products attempt to apply physical signals such as 
heart rate, blood pressure, skin temperature, respiratory rate 
and body motion to extract clinically relevant information 
(Nag et al. 2019). Wireless body sensor networks (WBAN) 
include a number of heterogeneous biological sensors (Rich-
esson et al. 2019). The sensors of such networks are placed 
on different areas of the body and these sensors can be worn 
or implanted on the body of the person. Each of these sen-
sors requires specific requirements to identify and record 
symptoms (Rajan et al. 2018; Rezayi et al. 2019).

Since many diseases and disabilities require continu-
ous monitoring in the present era, the continuity of patient 
monitoring for timely intervention seems essential (Dahiya 
et al. 2019; Richesson et al. 2019). As such, one of the most 
important areas of application of wearable technologies in 
healthcare field is utilizing WBANs to monitor patients. 
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In epidemic outbreaks or under EMS (emergency medical 
service) conditions, patient monitoring is so sensitive and 
important (Ha et al. 2018). In these situations, the momen-
tary monitoring of patients helps the medical team to take 
the necessary measures without delay. Patient monitoring 
announces the threatening events to caretakers, and most of 
such systems use the physiological input data for the direct 
control of support tools (Baskar et al. 2020; Kristoffersson 
and Lindén 2020). Anyhow, considering the present global 
conditions, the smart wearable sensors for patients̓ s moni-
toring have the capacity and potential to be a major break-
through in efforts to control the epidemics. An epidemic is 
defined by the Centers for Disease Control and Prevention 
(CDC) as a sudden increase in the number of cases of an 
infectious disease within a community or geographic area 
during a specific time period (Edoh 2019; Rahman et al. 
2020).

Over the years, many outbreaks of infectious diseases 
have occurred and spread across the world (Kristoffersson 
and Lindén 2020). According to the points which were men-
tioned above, the way of public health surveillance could 
enlighten by using wearable device data. Since time and 
speed of operation in disease outbreaks control are so criti-
cal, patient monitoring (respiratory rate, temperature rate, 
blood pressure, ECG, heart rate, SPo2) in the prevalence 
of epidemics can be considered as an important phase for 
control and monitor real-time and accurate data (Zhu et al. 
2020).

A riches of novel innovative technologies in the form of 
smart wearable technologies is achieving to greaten global 
precision and becoming accessible for the main aims of like 
preventing, monitoring and controlling the infectious dis-
eases. The aim of this systematic review is provide a com-
prehensive investigation about applying wearable smart 
sensors for disease control and vital signs monitoring in 
infection epidemic outbreaks.

2  Methods

This systematic review was performed based on the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) method (Moher et  al. 2009). This 
method was introduced by Moher et al. and it is one of the 
best methods that authors can done their systematic reviews.

2.1  Literature search

In this review, a search of Web of Science, Scopus, IEEE 
Library, PubMed and Google Scholar databases was per-
formed to identify relevant studies published until June 2, 
2020.

The search strategy included a compressive combined 
keywords and mesh terms related to wearable smart sen-
sors, patient monitoring and epidemics. The detailed search 
strategy for each database was presented in Table 1.

2.2  Inclusion and exclusion criteria

The academic selected papers were screened based on inclu-
sion and exclusion criteria that have been displayed in Fig. 1.

2.3  Data extraction phase

In scientific searching 277 papers were retrieved based on 
some inclusion and exclusion criteria which were performed 
for selecting eligible articles. In this phase, the main clas-
sification of included articles was independently determined 
by three authors. These three authors (MG, SS and SR) syn-
thesis the main characteristics and specifications of selected 
papers. They extracted main specification of papers. The 
next author (NM) evaluated the extracted information; she 
validated the main elements.

Three reviewers screened the abstract and full titles 
of papers independently. Another reviewer screened the 
selected studies randomly. These critical items are imported 
into a spreadsheet in Excel. The procedure of screening and 
selecting papers is presented in Fig. 2 based on PRISMA 
method. However, we presented the main characteristics and 
elements of included papers in Fig. 3.

3  Results

In searching databases phase, 277 relevant papers were 
retrieved. We removed duplicate studies, 178 citations 
remained. In the last phase of screening, only 11 relevant 
papers met our inclusion criteria. Our summary of papers 
is presented in Table 2. The author’s main keywords for 
selecting papers are displayed by word cloud figure. In the 
presented figure, we demonstrate the main words with their 
importance weight; Fig. 4 is our word cloud schema.

3.1  Illustration of papers

3.1.1  The distribution of papers based on countries 
and year of publication

The included papers based on their country and year of 
publication are presented in Fig. 5. As we can see, from 
11 included papers, four papers were published in 2020 by 
different countries and 3 papers were published in 2018. 
The remained papers were published from 2012 up to 2017.
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3.1.2  The distribution of included articles based 
on publisher names

The selected papers (n = 11) were retrieved from 10 different 

journals. The total number of papers for each journal is dis-
played in Table 3. Two of 11 papers were published by Jour-
nal of medical systems. From these 11 included papers, none 
of them were published by conferences.

Table 1  Search strategy for each databases

Database Search strategy

PubMed (“Wearable Electronic Devices“[MeSH Terms] OR “Wearable sensor” OR “Wearable device” OR “biosensor” OR “BAN” 
OR “body sensor network” OR “BSN” OR “biomedical sensor” OR “IoT”) AND (“disease Outbreaks“[MeSH Terms] OR 
“Epidemics“[MeSH Terms] OR “Outbreak” OR “epidemic”) AND (“monitoring, physiologic“[MeSH Terms] OR “Monitor-
ing, Physiologic” OR “Patient Monitoring” OR “Physiological Monitoring” OR “vital sign monitoring” OR “monitor” OR 
“monitoring”)

Results = 54
IEEE Library ((“Wearable Devices” OR “Wearable sensor” OR “Wearable device” OR “biosensor” OR “BAN” OR “body sensor network” 

OR “BSN” OR “biomedical sensor” OR “IoT” OR “wireless wearable technology” OR “wireless wearable” OR “Wearable 
Electronic Devices” ) AND (“Disease Outbreaks” OR “Epidemics” OR “Outbreak” OR “epidemic”) AND ( “Monitor-
ing, Physiologic” OR “Patient Monitoring” OR “Physiological Monitoring” OR “vital sign monitoring” OR “monitor” OR 
“monitoring” ))

Results = 25
Web of Science TS=((“Wearable Devices” OR “Wearable  sensor” OR “Wearable  device” OR “biosensor” OR “BAN” OR “body  sen-

sor  network” OR “BSN” OR “biomedical sensor” OR “IoT” OR “wireless  wearable  technology” OR “wireless  wearable” 
OR “Wearable  Electronic  Devices”) AND (“Disease Outbreaks” OR “Epidemics” OR “Outbreak” OR “epidemic”) AND 
(“Monitoring, Physiologic” OR “Patient Monitoring” OR “Physiological Monitoring” OR “vital sign monitoring” OR “moni-
tor” OR “monitoring” ))

Results: 54
Scopus TITLE-ABS-KEY ((“Wearable Devices” OR “Wearable sensor” OR “Wearable device” OR “biosensor” OR “BAN” OR “body 

sensor network” OR “BSN” OR “biomedical sensor” OR “IoT” OR “wireless wearable technology” OR “wireless wear-
able” OR “Wearable Electronic Devices”) AND (“Disease Outbreaks” OR “Epidemics” OR “Outbreak” OR “epidemic”) 
AND ( "Monitoring, Physiologic" OR “Patient Monitoring" OR “Physiological Monitoring" OR “vital sign monitor-
ing" OR “monitor" OR “monitoring" ))

Results = 132
Google Scholar All in title: (“wearable sensor” OR “sensor” OR “BAN” OR “wireless sensor”) AND (“epidemics” OR “outbreak disease” OR 

“epidemic”)
Results = 12

Fig. 1  Exclusion and inclusion 
criteria to select eligible papers

•Journal articles and proceedings  
•Applying the wearable sensors in epidemics
•Mentioned the sensors type and related vital 
signs

•Sensors were used to monitor the patients
•Language: English

Inclusion 
Criteria

•Type of publication other than journal articles 
and proceedings (books, review papers, letters, 
etc.)

•The articles whose full text was not available in 
the English language

•Articles which was contained sensors  not 
applied in epidemics outbreaks

Exclusion 
Criteria
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3.1.3  The distribution of monitored vital signs based 
on the wearable sensors

The types of detected physiological vital signs based on the 
different wearable sensors is displayed in Table 4. As it is 
clear, wearable devices like a cuff or watch and wearable 
body area network sensors are popular for patient monitoring 

in epidemics controlling. However, the critical vital signs for 
patient monitoring in the mentioned condition is body tem-
perature, heart rate and blood pressure. Table 3 is presented 
the details of this analysis.

Fig. 2  Flow diagram of the literature search and study selection

Fig. 3  The main specifications 
of selected papers
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3.1.4  The distribution of papers based on their main 
application and type of sensors

In Fig. 6, as we can see wearable devices (like a helment, 
watch or cuff) are used for continuous monitoring and early 
detection. In addition, body area network sensors are a popu-
lar type which can used monitoring vital signs for epidemic 
trending. The details of each category are presented in men-
tioned figure.

3.1.5  The distribution of papers based on countries

The reviewed papers based on their counties is presented in 
Fig. 7. As it is clear, approximately 65% total papers (n = 6) 
were conducted by the USA, Malaysia and India. The other 
countries have relatively equal number of published articles.

Fig. 4  Word cloud of core keywords in included papers

Fig. 5  The distribution of arti-
cles based on countries and year
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Table 3  Distribution of studies based on their publishers

Journal name Count of 
papers

Journal of Medical System 2
BMJ Global Health 1
Computers in Industry 1
International Journal of Grid and Distributed Computing 1
International Journal of Psychosocial Rehabilitation 1
Journal of Ambient Intelligent Humanized Computing 1
Journal of Critical Reviews 1
Journal of Medical Imaging and Health Informatics 1
Journal of Microbiology, Immunology, and Infection 1
The Lancet Digital Health 1
Grand total 11

3.1.6  The distribution of papers based on their disease 
and types of sensors

As we can see in drawn figure, wearable devices are appro-
priate technologies for patients with COVID-19. For Ebola 
epidemic RFID, wearable devices and optical sensors 
were used too. However, in Fig. 8 for each disease we can 
see applied different types of wearable sensors in detail 
respectively.

3.1.7  The distribution of papers based on applied 
intelligent algorithms or AI oriented approaches

In this section, we described the intelligent techniques 
and approaches used in the reviewed papers. Out of 11 
citations, in 9 papers the applied AI oriented approaches 
were reported; most sensors designed to monitor patients 
in epidemic conditions (in reviewed papers) use intelligent 
methods to generate knowledge and information. But in 2 
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reviewed papers, intelligent algorithms were not applied 
or not reported in text. However, based on citations the 
smart developed sensors in addition to being able to record 
the vital signs of individuals, can analyze and learn using 

artificial intelligence algorithms. Consequently, according 
to the reviewed articles, sensors will be able to raise the 
ability obtaining massive amounts of information or big data 
and enhance precision and accuracy. These sensors or mini 
devices also reflect the developmental tendency of modern 
sensors. Moreover, artificial intelligence is a novel stimu-
lus for smart sensors, which gets sensors to think and learn 
and feed more efficient results back. Some of the applied 
algorithms by sensors or devices in papers are mathemati-
cal methods, rule-based algorithm, Bayesian approach, J48 
decision tree and so on.

4  Discussion

According to our results, emerging wearable technologies 
have potential and capacity to control patients physiologi-
cal vital signs in epidemic outbreaks. Wearable sensors 
are appropriate technologies that make easier continuous 

Table 4  The distribution of 
monitored vital signs based on 
the wearable sensors

Vital signs BAN RFID Optical sensor Wearable 
device

Wearable 
IoT sensor

Body temperature *** * * *** *
Hear rate *** ***
Blood pressure ** *
Facial-recognition *
resting heart rate *
Blood sugar level *
Respiration rate * *
Myalgia *
Red eyes *
Rash *
Neusea *

Fig. 6  The distribution of 
papers based on their main 
application and type of sensors
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monitoring and control of the patients conditions for health-
care provider like physicians, nurses and specialists. The 
main objective of this review was identifying and analyzing 
the studies which conducted on the applying wearable sen-
sors in epidemics outbreaks for patient monitoring.

According to studies, smart wearable sensors are 
designed to monitor patients in a variety of epidemics, such 
as Ebola, COVID-19 and Influenza. Contrary to research-
ers ‘expectations, a small number of studies looked at the 
designing of wearable sensors to monitor vital signs such as 
body temperature, heart rate, blood pressure and a number 
of other studies to monitor patients’ condition in the epidem-
ics (Breteler et al. 2020). Anyway, Given that these tools 
can reduce the presence of patients outside the home due 
to the possibility of patient care at home and reduce patient 
traffic to the hospital and thus reduce interactions between 
people and also have great potential to identify, these tools 
are expected to be widely used in this area (Mohammed et al. 
2020). Given the high cost of manufacturing and networking 
sensors, it can be argued that one of the main reasons for the 
low number of studies in this field is to provide funding for 
the construction of sensors and body networks (Dias and 
Paulo Silva Cunha 2018; Steinhubl et al. 2016).

Studies included in this review indicated that among 
communicable diseases, sensors were most applicable 
in infectious diseases. Such sensors could be applied for 
early diagnosis and continuous monitoring (Dias and Paulo 
Silva Cunha 2018). It is due to sensors have the potential 
to monitor and record vital signs of patients continuously 
and analyzed them. The most commonly used sensors in 
our study are wearable devices and BAN sensors. However, 
the evidence concerning the effectiveness of different types 
of smart sensors to control epidemic disease was almost 
inadequate.

As we expected, the majority of these devices recorded 
and monitored body temperature and heart rate as the most 
frequent vital signs for early detection and early response 
to stop the spread of communicable diseases (Chung et al. 
2020; Edoh 2018; Mohammed et  al. 2020; Radin et  al. 
2020; Sood and Mahajan 2017; Valsalan et al. 2019). In 

these type of smart devices, real-time data sent to health-
care providers simultaneously to track patients (Al-Janabi 
et al. 2017). Besides, with the new pandemic of COVID-
19, researchers used wearable sensors for early detection 
of infected patients. In reviewed articles, two kinds of sen-
sors were introduced (Chung et al. 2020; Mohammed et al. 
2020). Researches applied wearable sensors to detect vital 
signs of patients, especially body temperature and respira-
tory rate. Consistent and accurate recording of vital signs 
in patients who suffered from COVID-19 is essential due to 
drastic changes in patients’ signs and symptoms (Wang et al. 
2020). The application of such sensors empowered clinicians 
for early diagnosis of new coronavirus to decrease its mor-
tality. According to the positive outcomes of using sensors 
in similar pandemic diseases such as Ebola, it seems that 
using wearable sensors could be beneficial in patients who 
are hospitalized at home for remote vital sign monitoring 
to pass undesired changes to their physicians immediately.

The critical vital signs for patient monitoring in the epi-
demic disease in this review were body temperature, heart 
rate and blood pressure. Dias and Paulo Silva Cunha con-
ducted a study of vital signs that are necessary for monitor-
ing and concluded that heart rate, blood pressure, respiratory 
rate, blood oxygen saturation and body temperature are valu-
able vital signs (Dias and Paulo Silva Cunha 2018). These 
vital signs are essential for assessing a person’s health status 
and can be used to identify clinical deterioration. In patients 
with COVID-19, fever is one of the most common symptoms 
in these patients (Tabata et al. 2020). Fever is one of the 
common clinical symptoms that appear when infectious dis-
eases occur. It can be very helpful in diagnosing infectious 
diseases (Plaza et al. 2016). Heart rate is a standard vital 
sign that its monitoring can provide information about the 
body’s physiological state (Plaza et al. 2016). Blood pressure 
monitoring is one of the most important indicators in deter-
mining a person’s cardiovascular status (Dalvi et al. 2020). 
Wearable sensors can be used to monitor these vital signs 
and help determine the health status of patients and thus can 
be effective in diagnosing diseases, especially in measuring 

Fig. 8  The distribution of 
papers based on their disease 
and types of sensors
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body temperature in infectious diseases and they can be very 
helpful to patients and health care providers.

The study had several strengths, including searches on 
various databases; Web of Science, Scopus, IEEE Library, 
PubMed, and Google Scholar. We also did not impose any 
time constraints on the article search process, and the arti-
cles presented at the conferences were also reviewed. The 
limitation of this study was to exclude non-English language 
studies.

5  Conclusion

This systematic review highlights the usage of differ-
ent types of sensors to improve epidemic disease control. 
By applying a systematic approach, the authors provide a 
wide overview to use sensors that could monitor vital signs 
and disease progression through the epidemic. The survey 
showed that wearable sensors had the greatest potential in 
controlling and diagnosing the early signs of the disease in 
relation to epidemic diseases. Hence, applying appropriate 
technological solutions could improve control and manage-
ment epidemic disease as well as the application of sensors 
for continuous monitoring vital signs. However, further stud-
ies are needed to investigate the real effects of these sensors 
and their effectiveness.
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