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Abstract: With population growth and aging, the emergence of new diseases and immunodeficiency,
the demand for emergency departments (EDs) increases, making overcrowding in these departments
a global problem. Due to the disease severity and transmission rate of COVID-19, it is necessary to
provide an accurate and automated triage system to classify and isolate the suspected cases. Different
triage methods for COVID-19 patients have been proposed as disease symptoms vary by country.
Still, several problems with triage systems remain unresolved, most notably overcrowding in EDs,
lengthy waiting times and difficulty adjusting static triage systems when the nature and symptoms
of a disease changes. In this paper, we conduct a comprehensive review of general ED triage systems
as well as COVID-19 triage systems. We identified important parameters that we recommend
considering when designing an e-Triage (electronic triage) system for EDs, namely waiting time,
simplicity, reliability, validity, scalability, and adaptability. Moreover, the study proposes a scoring-
based e-Triage system for COVID-19 along with several recommended solutions to enhance the
overall outcome of e-Triage systems during the outbreak. The recommended solutions aim to reduce
overcrowding and overheads in EDs by remotely assessing patients’ conditions and identifying their
severity levels.

Keywords: COVID-19; triage system; clinical diagnosis; diseases; priority; emergency department;
public healthcare; healthcare operations

1. Introduction

On 30 January 2020, the World Health Organization (WHO) declared the spread
of the COVID-19 pandemic to be a public health emergency of international concern.
This epidemic has spread rapidly around the world, the virus is transmitted primarily
through close contact between individuals, and often through respiratory droplets and
droplets resulting from coughing, sneezing, or talking [1]. From this end, social distancing
and reducing gatherings were recommended to reduce the chances of the virus being
transmitted from an infected person to another healthy person [1–3]. The emergency
departments (EDs) present great opportunities for the transmission of the virus, as it is
possible that people with COVID-19 will be in contact with others due to the overcrowding
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and long waiting times [4]. Furthermore, preventive measures enacted by governments
must be adhered to [5,6], as recent literature indicates that the COVID-19 virus spread is
still expected to increase, and that the readiness of public health systems will face a global
challenge [7].

Overcrowding in the ED has been linked with increased inpatient death, increased
waiting times, and increased expenditures for admitted patients [8–11]. ED wait times
and leave-without-treatment (times where patients arrive to the ED but leave prior to
getting a medical assessment) are signs of overcrowding. Hospitals are continually trying
to balance short ED wait times with the quality of emergency service. There are several
triage approaches for arranging patients on the ED waiting lists as well as for determining
waiting time. The triage method can depend on several factors [12] to determine the
waiting time, such as how sick the admitted patient is, if other patients are sicker, how
many nurses and doctors are on staff during the visit, and if there are critical patients who
come in while you are waiting.

Due to the rise in COVID-19 cases [13], EDs will be overwhelmed with COVID-19
suspected or infected patients. Several protocols have been adopted to deal with this
congestion and reduce the consequences of it, including the recruitment of special teams
within the ED to manage the allocation of appropriate resources to suitable patients when
there are a large number of COVID-19 cases. Adoption of the infrared thermal camera
scanning at the first entry point to the hospital and the EDs for early detection of COVID-19
suspected cases by measuring the body temperature [14]. Also, to reduce overcrowding in
outpatients clinics, medications prescribed for chronic cases are sent to them to reduce the
need for hospital visits [8].

Telemedicine [15–21], Blockchain [22,23], machine learning algorithms [24], the adop-
tion of sensor technologies [25,26] and Internet of Things devices in remote patient mon-
itoring will play an important role in early detection of COVID-19 patients [27–33], in
addition to that, it will reduce overcrowding of patients in EDs by monitoring patients’
vital signs remotely using sensors. Then, identify the severity level to determine if there is
a need to visit the ED or not. However, there is no triage system for EDs that employ these
techniques well to classify and prioritize patients remotely, which is an urgent need to deal
with the risk of spreading COVID-19 and other infectious diseases.

There are three types of triage systems; namely emergency triage, disease triage, and
outpatient triage [34]. The study in this paper focuses only on emergency triage. Most of
the triage systems are designed with different characteristics to handle specific conditions,
therefore, it was difficult to employ the current ED’s triage systems [35] to classify COVID-
19 cases, which necessitated the need to quickly design a new system, which was not an
electronic system. Moreover, the standard parameters that should be considered when
designing an electronic triage system for EDs are not yet identified.

Providing an electronic triage (e-triage) system designed for COVID-19 considering
its nature and characteristics will have great contributions to public healthcare facilities,
governments, and society. The contributions include, for example, reducing the average
waiting time at EDs, minimizing the overhead due to the outbreak, optimizing the usage of
healthcare resources, and estimating patient severity level remotely.

In this paper, we study the popular international ED triage systems that were widespread,
adopted based on the claim of a systematic review published in 2019 [35]. We also review
other proposed ED triage systems found in the literature for classifying patients considering
improving the ED’s triage process, including reducing waiting times, digitizing, and
conducting the triage remotely, the literature will be reviewed in the range from 2016 to
2021 with snowballing to collect any relevant study. Exploring such studies could help
define the capabilities of these systems to manage COVID-19 cases as well as investigate
the possibility of adapting these systems to COVID-19 conditions. Moreover, we review
the methods proposed and announced in the literature, since the beginning of the COVID-
19 epidemic, to classify COVID-19 patients in EDs around the world. We study and
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classify the symptoms that are relied on to classify COVID-19 patients. We also provide a
comprehensive taxonomy shows all the triage approaches reviewed in this paper.

Based on the literature review conducted in this paper, we introduce several evaluation
parameters to be considered when designing or implementing ED triage system. Moreover,
we present our recommendations for an e-triage system with considerations to the COVID-
19 circumstances.

As we believe our study carries multiple strength of conducting a comprehensive
search on multiple national and international triage systems and exploring advantages
and disadvantages of each. As a summary, the main contributions in our study are as
follows. First, as to our knowledge, this study explored most of the studies relevant to
ED triage systems with a focus on COVID-19 outbreak where we presented main findings
and observations about COVID-19 related symptoms, admission criteria, and patients’
classification rules during COVID-19 outbreak. Second, in this work, we provided discus-
sions and summaries on different aspects of COVID-19 triaging systems, which would
help other researchers to build on further evaluation studies on triage approaches at EDs
during epidemics. Third, as a part of our evaluation section, we identified main parameters
that should be considered when designing and building e-triage systems for controlling
and managing outbreaks at EDs. Finally, we provided several recommended solutions to
enhance e-triage systems used during outbreaks. For example, we recommended a scoring-
based e-triage system to enhance the admission criteria during the COVID-19 pandemic
considering the applied triage system adopted by the Ministry of Health (MOH) in Saudi
Arabia. Moreover, we conducted an initial statistical evaluation for the recommended
e-Triage scoring thresholds using a simple dataset obtained from our local COVID-19
patients who visited the ED during the pandemics which resulted in a proposed approach
for e-triaging during pandemics.

The rest of this paper is organized as follows. First, Section 2 provides a review of
the ED triage systems found in the literature. Then, Section 3 presents evaluation and
discussion on different parameters of EDs triage systems. Then, Section 4 introduces our
recommendations regarding the e-Triage system for COVID-19. Finally, Section 5 concludes
the paper and presents future work directions.

2. Literature Review

The literature provides a respectable number of triage approaches; however, this
section will discuss and analyze the most important triage solutions used to enhance the
EDs, where Figure 1 provides a classification of the approaches reviewed and shows their
triage categories. Sections 2.1 and 3 provide more details on the approaches and their
classes. The rest of this section is divided into two subsections. First, Section 2.1 discusses
the general EDs triage systems. Then, Section 2.2 focuses on the EDs triage systems that
have addressed COVID-19.
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2.1. ED General Triage Systems

Triage systems are applied in many countries worldwide. Table 1 shows the most
common international systems used for classifying patients in EDs [35]. However, these
systems are paper-based, applied on-site by the triage nurses, and the specified waiting time
for some triage categories is not acceptable by patients and may worsen their condition. It
is also challenging to adapt them to address different conditions such as the classification of
patients with COVID-19. Therefore, several solutions have been suggested in the literature
to address some of the issues in current ED triage systems.

Table 1. Common international ED triage systems.

Triage System Categories or
Triage Levels ↓

Waiting Time
(In Minutes) Published Year Ref. Remark

Australasian
Triage Scale (ATS)

Resuscitation
Emergency

Urgent
Semi-urgent
Non-urgent

0
10
30
60

120

1993 [36,37] -

Manchester UK
(MTS)

Immediate
Very urgent

Urgent
Standard

Non-urgent

0
10
60

120
240

1994 [38] -

Canadian Triage
and Acuity Scale

(CTAS)

Resuscitation
Emergent

Urgent
Less urgent
Non-urgent

0
15
30
60

120

1999 [39,40] It is updated every four
years

South African
Triage Scale (SATS)

Red
Orange
Yellow

Blue
Green

Immediate
10
60

120
240

2004 [41] -

France Clinical
Emergency
Department

Classification
(CCMU)

C1
C2
C3
C4
C5
CP
CD
CX

Not found Not found [8]

It classifies patients based
on the severity of their case
which impacts the required

treatment resources

France
Multi-centric
Emergency

Department Study
Group (GEMSA)

G1
G2
G3
G4
G5
G6
GX

Not found Not found [8]

It refers to the patient’s
affiliation after treatment in

the ED (inpatient,
discharged) and the mode
of admission (planned or

unplanned)

Saudi Ministry of
Health (MOH)

Emergent
Urgent

Management
Not found 2003 [42]

There are several hospitals
in Saudi Arabia adopting

the CTAS system [43]

There are several solutions found in the literature that have attempted to address
issues in current ED triage systems. For example, the authors in [8] tried to improve the
French ED triage system. They proposed a new classification method for ED patients called
EP which combines categories defined by the two classification methods used in the French
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triage system, namely CCMU and GEMSA. They also designed a time-series forecasting
model to predict the daily number of ED visits. The EP classification method was based on
statistical tests that were performed on patient data collected from the Troy Hospital ED
during the period from 2010 to 2014 along with the experience of the staff using CCMU and
GEMSA classifications. As shown in Figure 2, the EP classification method consists of eight
categories created by grouping multiple categories defined by CCMU and GEMSA. The
performance of their forecasting model was 91.08% for long-term predictions and 91.84%
for short-term predictions. However, while the study aimed to predict the daily number of
ED patients to help in managing the required resources, it did not address the treatment
priority of patients or estimated waiting times.
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Furthermore, the authors in [44] introduced a framework named multi-sources health-
care architecture (MSHA) to enhance the scalability of advanced healthcare applications by
adding tele-monitoring and remote triaging features. The framework adopts three sensors
which monitor oxygen saturation (SpO2), electrocardiography (ECG) signals, and blood
pressure. It also accepts text-based input from wireless body area network devices. It
consists of three tiers, the first is for data collection, the second is for data pre-processing
and patient prioritization processes to determine pathological conditions, while the third
tier is for patient data management on a cloud database server. The patient triage level
is determined based on medical guidelines and a multi-sources data fusion algorithm.
Each patient will have a priority code (PC) ranging from 0 to 100 to describe the severity
level of their health condition, where a higher PC indicates a more serious condition. The
scheduling algorithm sorts patient requests into a queue based on the PC value. Requests
with equal PC values are sorted in descending order based on each patient’s waiting time.

Alternatively, the authors in [45] improved the triage process by applying the group
technology concept to develop a dynamic grouping and prioritization (DGP) algorithm.
They have considered several measures of system performance, such as length of stay
(LOS), time-to-bed (TTB), time in ED, throughput, percentage of late patients, and the risk
of delaying patients. Patients are categorized into eight types based on their age, group,
and priority. Patients will be prioritized in groups from 1 to 10 as shown in Figure 3.
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Moreover, the authors in [46] proposed a new system to prioritize and schedule patient
visits based on the patient’s health and vital conditions. The system classifies patients into
four categories and then prioritizes them according to the type of service required and
its duration. The authors also tried to reduce the waiting time for both physicians and
patients by using the genetic algorithm. When adding a patient to a queue, the algorithm
permutates patients in that queue based on the priority of the patient who was added,
which consequently reduces the average waiting time.

It is important to note that patients’ conditions may worsen during the waiting period,
putting their lives at risk. As a solution, the authors in [47] proposed a real-time patient pri-
oritization system that improves the Manchester triage system of emergency services. They
suggested monitoring and evaluating the patient’s vital signs continuously through the
patient’s hospital emergency smart band (HESB) and a smart priority recommendation and
patient control system (SPRPC) to re-sort the patients when there is a risk alert. Moreover,
the system can locate the patient inside the hospital through the passive communication
between the smart patient’s wristband and the sensors placed on the buildings’ doors.
However, the authors mentioned several challenges that could hinder the implementation
of their proposal. First, the solution should be economically profitable, but it is a chal-
lenge to make the HESB cheap without losing the reliability or accuracy of its sensors.
Also, it is best for the HESB to be reusable. Additionally, integrating the proposed system
with existing hospital systems is a challenge, as hospital systems are mostly proprietary
systems that are developed by external companies. It must also be ensured that wireless
communications should not affect medical equipment.

There are several studies interested in improving the CTAS, such as the model pro-
posed in [48] which aimed to estimate the waiting time and the required number of ED
and IU resources by employing the queuing theory methods to achieve CTAS performance
targets. It also investigated the effect of the fast track path on the average patient waiting
time. It considered the priority of the different triage classes that require ED resources, and
the effect of congestion on the time it takes patients to access the ED. However, there are
several limitations of this model. The first being that the authors assumed that it is possible
to accommodate any type of patient in the inpatient unit, while there are certain cases that
require accommodation in specialized units. Additionally, the proposed model is based on
steady-state and average arrival rates, while the arrival rate on the other hand is not fixed.
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Furthermore, the authors in [49] analyzed the patient-routing behaviors of four ED
decision-makers who were applying the CTAS. They estimated the cost of waiting for
ED patients as recognized by the decision-makers, then derived policy implications, and
made suggestions to enhance triage systems. They suggested considering risk factors
and the level of congestion in ED when determining the patients’ waiting time. They
also found that physicians are better suited to perform triage and prioritization tasks
than the ED administrator/chief nurse, as this would improve certain metrics for oper-
ational performance such as waiting time. Furthermore, they suggested studying the
possibility to enhance the CTAS by considering the delay-dependent priority rule, wherein
Figure 4, they provided an example of the rule’s guidelines; the priority class is classified by
the triage level and waiting time, and equal-priority patients are grouped into one priority
class represented by the same color.
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In low- and middle-income countries, the ED faces many challenges, whether in the
triage mechanism or the availability of medical equipment, and human resources. In addi-
tion, the lack of waiting rooms, which force patients to wait their turn outside the building
under the sun for a period that may exceed 50 min. The study in [50] aimed to reduce the
waiting time outside the triage room to be less than 30 min. The authors proposed several
ideas to improve the triage and patient admission methodology, which include providing
a triage training course for ED staff, eliminating redundant documentation, providing a
uniform pre-printed triage form, reducing the turnover of triage’s nurses and ED health
assistants, providing a color-coded wristband only for the critical condition patients, and
rearrangement of the triage room.

The authors in [51] proposed a new priority queuing method to decrease delay time
for high-priority patients in ED by estimating waiting times for multi-category patients. It
depends on explicit expressions method to obtain the wait time when using the Markov
queue, while the waiting time in the general queue is approximated using the isomorphism
concept. When patients reach the ED, they will be treated according to the scheme in
Figure 5. Patients are classified based on the severity of the disease and the patients with
the highest priority are treated first, and the treatment of the patient is not interrupted until
its completion even if a high-priority patient arrives.

A respectable number of important proposals have been reviewed in this section,
where Table 2 summarizes our findings. However, these proposals have also failed to adapt
to the COVID-19 situation as they were designed for general triaging.
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the entry
EPX Others
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2 [44]

Telemonitoring
system to classify

and prioritize
the patients

1. Red (Risk)
2. Orange
(Urgent)
3. Yellow (Sick)
4. Blue (Cold
state)
5. Green (Normal)

1. Direct the
patient to the
surgery room &
its services
2. Direct the
patient to the
emergency
room & its
services
3. Direct the
patient to the
consultants’
section & its
services
4. Send tips
and messages

Sensors and
text wireless

body area
network, 4
main ECG

features
related to
various

chronic heart
diseases

Data fusion
and fuzzy
inference
algorithms
to estimate
the priority

-
PC value

and
wait time

3 3

3 [45]

Improving the triage
process by

developing dynamic
grouping and
prioritization

(DGP) algorithm

1. Very Severe
2. High Severity
3. Relatively High
Severity
4. Medium
Severity
5. Relatively Low
Severity
6. Very
Low Severity

The patient goes
to the waiting
room, or the
pediatric ER if
the age under
18 years old

Gender, age,
pain level,
expected
treatment

time, and vital
signs

Patients are
categorized
into eight
types based
on their
priority, age,
and group

Health care
provider

(The
greeter’s

desk
collects the
patient info

and
complaint,
then pass it
to a triage

nurse)

FCFS
(Unless the

patient’s
condition
requires

immediate
care)

3 7

4 [46]

Prioritize and
schedule patient

visits. Also, reduce
the average

waiting time

1. Emergency
2. Urgent
3. Referral
4. Normal

-
Patient health

and vital
status

Patient’s
health and
vital
condition

Physician

The type
and

duration of
service

required

3 7

5 [50]

Reducing the
median waiting
time outside the
triage area to less

than 30 min

1. Fast Track
2. Red
3. Yellow
4. Green

1. Treatment
area (TA)
2. Registration
→ TA
3. Registration
→ Emergency
queue→ TA
4. Treatment
given in triage à
Discharge home

- - Doctors &
nurses Risk level 7 7
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6 [51]

Reducing waiting
time for

high-priority
patients

1. Resuscitation
2. Emergent
3. Urgent
4. Non-emergency

1. Primary
trauma care
2. Critical care
3. Secondary
care
4. Non-
primary care

levels of
acuity

1. primary
trauma care
2. critical
care cases
3. non-
critical and
secondary
care
4. non-
primary
care

Chief
physician FCFS -

7

7 [47]
Improving the

system by managing
waiting time

- - Vital signs

Level of risk
of the
patient’s
condition

Triage nurse Risk level 3 7

8 [49] Improving triage
systems (CTAS) -

Patients wait
either in the
waiting room or
on a stretcher
chair if the
triage nurse
deems it
necessary

Determine the
most

appropriate
CCD from a

list of 474
possible

conditions

-

Triage
nurse,

patient
selection
decisions

are made by
the Chief
Nurse or

ED official

FCFS -
7

9 [52]
COVID–19

pandemic triage
algorithm for EDs

1. Red (Need
Resuscitation)
2. Pink (Toxic)
3. Blue (Needs
workup)
4. Yellow (Needs
minimal workup)
5. Green (Does not
need workup)

- Admitted to
intensive care (1,
2, and 3)
- Admitted to
Acute care (1, 2,
and 3)
- Discharge
home (4 and 5)

clinical
features, and

it is vital

Droplet:
distance >6
feet (greens,
some
yellows)
Contact +
droplet:
distance
Airborne:
invasive
procedures
expected
(red)

-
Reduction
in patient
volumes

3 3

Note: GEMSA: France Multi-centric Emergency Department Study Group, CCMU: France Clinical Emergency Department Classification,
CTAS: Canadian Triage and Acuity Scale; FCFS: First Come First Service, DGP: dynamic grouping and prioritization, CCD: Chief Complaint
Description; HR: Heart Rate; EDs: emergency departments.

In the next section, we discuss studies that have addressed triage systems for classify-
ing patients with COVID-19 in EDs.

2.2. ED Triage Systems for COVID-19

Hospitals and medical clinics are the most dangerous areas for transmission of infec-
tious diseases such as COVID-19 as they are often crowded with patients. The infection
spreads quickly in all hospital clinics, and is not limited to emergency departments. For
example, when COVID-19 spread in China, it was discovered that 77.5% of the infected
workers were working in general clinics [53]. Several studies are concerned with providing
solutions to classify and triage patients to reduce their exposure to medical practitioners
or other patients in hospital clinics. The authors in [54] and [55] discussed the need to
provide preventive measures and develop appropriate plans to prevent and protect against
the spread of COVID-19 in the dermatology departments. In [56], a structured remote
triage system was implemented to counsel patients with neck and head cancer. The system
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calculates the patient’s risk rate to determine the appropriate way to provide counseling,
whether remote over the phone or at the clinic.

The authors in [57] provided practical guidance to manage electromyography test
requests during the COVID-19 pandemic. They proposed to classify patients’ electromyo-
graphy referrals into three classes, (1) urgent, (2) non-urgent, and (3) possibly urgent.
The authors in [58] provided guidelines for triaging heart disease patients during the
COVID-19 pandemic.

As the spread of COVID-19 increased the demand for intensive care units (ICUs),
a system of rapid resource assessment is required in hospitals. It is also important to
classify patients with critical conditions such as ST-elevation myocardial infarction (STEMI)
and assess their need for ICUs, as this will provide more resources to admit COVID-19
patients [59].

In this section, we focus on discussing the existing COVID-19 triage systems applied in
EDs where we classify these systems into two groups according to where they are applied
(1) Worldwide Triage systems and (2) Saudi Arabia triage system. Finally, we discuss the
symptoms of COVID-19.

2.2.1. Worldwide Triage Systems

The Centers for Disease Control and Prevention (CDC) published a report [60] to help
health workers protect themselves during patients triage process and gives guidelines for
patients such as when they need to go to the healthcare facility, how they should inform
healthcare providers if they suffer from any respiratory symptoms, wear face masks, clean
their hands with water and soap, and preserve enough social distance over one meter.
Several guidelines were proposed for protecting both patients and healthcare workers
including communicating with patients ahead before they arrive to healthcare facility and
set up of triage area for suspected cases. Moreover, they presented Triage Protocol for
countries holding limited community transmission or even no community transmission as
shown in Figure 6.
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Authors in [61] provided guidelines for patients and healthcare personnel to support
controlling the spread of COVID-19. The authors designed principles to enhance the ED’s
triage system used by a triage nurse to classify the patients into five levels, as shown in
Figure 1, depending on the “Emergency Severity Index” (ESI) triage method.

The authors in [62] analyzed and screened the case of 36 children suspected of having
COVID-19 who had come to the fever clinic. They found that all children hospitalized at
the isolation department had a fever, and about 71% of the patients presented cough, while
having negative nucleic acid testing. They provided an improved evaluation questionnaire
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appropriate for early detection and controlling of children cases, where the children classi-
fied into three groups (High-risk, Medium-risk, Low-risk) relying on the epidemiological
history score. This questionnaire is based on cumulative scores associated with specific
symptoms to calculate the final score that is used as a guide to classify patients. However,
the sample size was very small, and therefore further studies are required to determine the
suitable triage method for children suspected of having COVID-19.

The authors in [52] proposed an algorithm as a framework for clinical triage to opti-
mize patients’ triage, minimizes unnecessary clinician exposure, standardizes treatment,
and maximizes adequate resource usage. The algorithm proposed five levels of patients’
acuity, each with a set of assumptions (pandemic conditions, in-person visits, vital sign
assessment, clinical evaluation prior to disposition, and use by healthcare professionals).
There were no measurements taken to validate the accuracy of the proposed algorithm;
however, the authors hope that using this triage algorithm and guidelines would help
frontline emergency staff dealing with COVID-19 patients.

2.2.2. Saudi Arabia’s Triage System

The Ministry of Health (MOH) issued a guidebook [63] titled “Hospital admission
criteria for COVID-19 Pediatric patients Version 1.1” displaying great efforts in identifying
strategies that contribute to effective prevention and optimal medical management of
COVID-19 infections. Even though the clinical indicators of COVID-19 cases for children
usually have low levels of severity compared to the clinical signs of adult patients, young
children, especially infants, are at a higher risk of infection. However, the aim of the
hospital admission criteria for COVID-19 pediatric patients is to determine the mechanism
for admission and entry of COVID-19 infected children into health care facilities. This guide
is for doctors who are treating and monitoring suspected or confirmed cases at all healthcare
facilities. They recommend that any pediatric patient that meets the confirmed/suspected
COVID-19 symptoms and high-risk standards be accepted [63].

In [64], MOH has reported guidelines and instructions on Visual Triage Checklist for
Acute Respiratory Infection (COVID-19/MERS-CoV) which shows a checklist following
MOH and Weqaya guidelines. In this version of the report, they determined a scoring
system for virtual triage system at EDs as shown in Figure 7 the general rule is when
the total gain score is equal to or greater than 4, the patient must be directed through the
respiratory pathway, and the medical staff is informed in order to perform an assessment.

In [65], the Saudi MOH published guidelines to optimize the usage of available
medical resources and thus improving the response to the possible outbreak risks. The
guidelines include restricted admission rules for the ICU unit to make it only available for
patients that cannot be managed or treated with other resources. Generally, they considered
three targeted queues or units which are the Critical Care Units, ED, and General wards.
The rules for controlling COVID-19 ICU admissions are: (1) For patients requiring Invasive
Mechanical Ventilation (IMV), the admission will be direct. (2) For patients requiring
Non-Invasive Ventilation (NIV) for more than two hours or High Flow Nasal Cannula
(HFNC), before admitting they should be assessed by a specialist. (3) Respiratory Distress
patients will be admitted if resources are available based on the following: SpO2 > 92 or
PaO2 > 65, high escalation of O2, with high difficulties in breathing (Tachypnea). (4) Other
conditions related to several critical cases such as organ failure, hemodialysis, resuscitation,
vasopressor, consciousness, heart issues, etc.
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2.2.3. Symptoms of COVID-19 and Patient Classifications

At the time of writing this paper, there are still high variations in reports on symptoms
that could possibly identify COVID-19 cases. However, according to WHO [66], fever, dry
cough, and tiredness are highly common symptoms in COVID-19 patients. Less common
symptoms have been reported by the CDC [60] such as aches, headache, nasal congestion,
conjunctivitis, diarrhea, sore throat, loss of smell or taste, skin rash, and discoloration
of fingers or toes. Difficulty in breathing, chest pain, loss of speech, and difficulties in
movement are the most critical symptoms that need urgent medical intervention and
care [8].

A study [67] highlighted breathlessness and respiratory failure as respiratory symp-
toms of COVID-19. It also highlighted fever, muscle pain, headache, and confusion as
constitutional symptoms. The Chinese Health Commission defined the surveillance of
COVID-19 cases [68], which will be described later in this paper in Section 3.2.

The authors in [69] studied the changes in smelling and tasting in COVID-19 confirmed
cases. The main problem with their study’s validity was a lack of enough samples to cover
the factors that were studied, such as the geographical distribution of the samples and
the disease’s subsequent course. However, their report covered the majority of the main
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symptoms that can be used to help select symptoms for COVID-19 diagnosis, as well as
other studies. They primarily reported the prevalence of some of the COVID-19 symptoms
listed in Table 3. In terms of symptom frequency, we listed the percentage found in this
study as well as other frequencies discussed in other studies [70–76].

Table 3. COVID-19 symptoms frequency.

No. Symptoms Description Criteria Percentage [69] Percentage Others

1 Fatigue Feeling of tiredness and
an overall lack of energy

Feeling weak
or sluggish. 68% 44–70%

[70,72–74,76]

2 Smell and taste
disturbance

Troubles with the
normal capabilities of
smelling and tasting.

“Cannot smell or taste
anything, or things

smell or taste different to
normal” [77]

64% 58.6–75%
[78–81]

3 Dry cough A cough that does not
produce mucus.

Strong cough lasting
more than an hour, or

they have such incidents
for three or more times

in a day [77]

60% 59–82%
[70,72–74,76]

4 Fever High temperature Temperature is 38 ◦C
or over 55% 83–99%

[70,72–74,76]

5 Muscle pain Soreness and achiness in
the muscles Mild to severe 44% 11–35%

[72–74]

6 Headache A painful sensation in
any part of the head

Ranging from sharp
to dull 42% <10%

[72–74]

7 Shortness of breath Breathing difficulties
Suffering from

suffocation or being
unable to take a breath

41% 31–44%
[70–74,76]

8 Sore throat
The raw, scratchy,

burning feeling at the
back of throat

Trouble breathing
or swallowing 31% 14%

[76]

9 Anorexia and
Digestive issues Eating disorder

Lack of appetite,
diarrhea, vomiting, or

abdominal pain
NA 40–84%

[70–72,74,75]

The authors in [82] show that the average rate of skin disease symptoms for confirmed
COVID-19 patients varied among the studies they reviewed, where the initial studies were
conducted in Wuhan, China, on a group of 1099 confirmed COVID-19 cases reported a
lower rate of cases presenting symptoms of skin diseases as it was only 0.2%. While the
maculopapular rash observed in 47% of Spanish COVID-19 cases were over 50% of those
said cases, they presented severe levels of pruritus for around nine days. As previously
stated, the authors reviewed several studies related to skin disease symptoms of confirmed
COVID-19 patients, and they believe that the difference in ratios between studies is due to
the lack of interest in conducting skin tests on patients, especially those who are outside
of the EDs. The study also indicated that skin related symptoms of COVID-19 could be
helpful in initial diagnosis, triaging confirmed cases, and determining the severity level.

The authors in [83] developed a method for screening and classifying patients in
adult fever clinics based on symptom measures, as shown in Figure 8. However, their
methodology may not be applicable in other hospitals, because the proposed algorithm’s
implementation is dependent on the ability to perform the medical tests that it employs.
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COVID-19 symptoms are similar to those of other virus-related upper respiratory
diseases, which share symptoms such as fever, cough, tiredness, and breathing difficulties.
To determine the level of risk and the appropriate treatment for each patient, said symptoms
must be diagnosed [1].

Based on the studies discussed in this section, we classified COVID-19 symptoms in
Figure 9. However, more research and studies are required to accurately identify COVID-19
symptoms and the level of risk each symptom poses to a patient.
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3. Evaluation and Discussion

According to the findings of this paper’s research, there are numerous challenges that
cannot be addressed by the current or proposed triaging systems. As a result, we identified
several parameters, shown in Figure 10, that we recommend taking into account when
designing an ED triage system. These parameters will be discussed in the subsections
that follow.

Sensors 2021, 21, 2845 17 of 32 
 

 
Figure 9. COVID-19 Symptoms. 

3. Evaluation and Discussion 
According to the findings of this paper’s research, there are numerous challenges that 

cannot be addressed by the current or proposed triaging systems. As a result, we identi-
fied several parameters, shown in Figure 10, that we recommend taking into account 
when designing an ED triage system. These parameters will be discussed in the subsec-
tions that follow. 

 
Figure 10. Triage system evaluation parameters. 

3.1. Waiting Time 
As risk factors and ED congestion continue to rise, patient wait times are increasing 

[49]. The majority of studies have attempted to shorten the waiting time for patients with 
severe cases, while those at lower risk may deteriorate during the wait. 

COVID-19 
Symptoms

Common

Fever

Dry cough

Tiredness

Uncommon

Aches and pains

Nasal congestion

Headache

Conjunctivitis

Sore throat

Diarrhea

Loss of taste or 
smell

Rash on skin

Discoloration of 
fingers or toes

Most serious 

Difficulty 
breathing or 
shortness of 

breath

Chest pain or 
pressure

Loss of speech 
or movement

Evaluation 
Parameters

Waiting time

Simplicity

Reliability & Validity

Scalability & Adaptability

Figure 10. Triage system evaluation parameters.

3.1. Waiting Time

As risk factors and ED congestion continue to rise, patient wait times are increas-
ing [49]. The majority of studies have attempted to shorten the waiting time for patients
with severe cases, while those at lower risk may deteriorate during the wait.
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There are several factors [12] that affect the waiting time, including the triage nurse’s
understanding of the system, the availability of medical staff and resources, the initial
diagnosis of the patient’s condition, and the possibility of excluding non-emergency cases
early before they reach the EDs.

3.2. Simplicity

To reduce the rate of errors, the triage system for EDs should be simple and easy to
understand. In addition, the number of triage categories should be reasonable; as shown in
Figure 1, the most common international systems have five levels, whereas the proposed
COVID-19 systems have fewer levels. For example, the COVID-19 approaches reviewed
in this paper use different criteria for classifying patients, as shown in Tables 4–7, To set
the best possible parameters into the triage system, these criteria should be reasonable in
terms of number, as well as simple to understand and flexible. Furthermore, educating and
training nurses on the triage system’s mechanism contributes to the system’s success [43].

Table 4. Classification criteria of COVID-19 patients in approach 1.

No. Type Criteria [66,76] Criteria [68,84,85] Guidance

1

M
ild

Patient with unsophisticated upper respiratory
tract viral infection and possibly having general
symptoms such as fever, fatigue, and cough.

1. Fever < 38 ◦C.
2. No dyspnea, no gasping, and no

chronic disease.

Isolation and
monitoring in the
hospital, in some

cases home
isolation is

sufficient [85]

2

M
od

er
at

e 1. Patients with moderate pneumonia of fever,
cough, dyspnea, fast breathing.

2. SpO2 is above or equal to 90% and patients
do not require supplemental oxygen

Fever, respiratory symptoms, and imaging
findings of pneumonia Not found

3

Se
ve

re

Patients with the followings:

1. Severe clinical signs of fever, cough,
dyspnea, and fast breathing

2. Any of:

• Respiratory rate > 30 breaths/min.
• Severe respiratory suffering.
• OSpO2 < 90%.

Patients with any of the following:

1. Respiratory distress but not
failure issues

2. SpO2 < 93% at rest
3. PaO2/FiO2 ≤ 300 mmHg
4. Rapid progression over 50% in 24–48

h on CT chest imaging

Not found

4

C
ri

ti
ca

l

Acute respiratory distress syndrome (ARDS)

1. Onset criteria
2. Chest imaging criteria
3. Origin of pulmonary infiltrates
4. Oxygenation impairment

Sepsis

1. Life-threatening organ dysfunction
2. Signs of organ dysfunction

Septic shock

1. Hypotension regardless of
given resuscitation

2. Demanding vasopressors to sustain
MAP ≥ 65 mmHg

3. Serum lactate level > 2 mmol/L

Patients with any of the following:

1. Critical respiratory failure
2. Shock
3. Organ failure where ICU is a must

Not found

Note: SpO2: blood oxygen saturation, ICU: intensive care unit, CT: Computed tomography; PaO2/FiO2: the ratio of arterial oxygen partial
pressure to fractional inspired oxygen, mmol/L: millimoles per liter, mmHg: millimeters of mercury.
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Table 5. Classification criteria of COVID-19 patients in approach 2.

No. Type Criteria [68] Guidance

1

Su
sp

ec
te

d
C

as
e

Having two or more of:

1. Fever and/or respiratory symptoms.
2. Pathological pneumonia
3. Normal or low White Blood Cells (WBC) or decreased

lymphocyte in early onset.

Along with any of following exposures within the 14 days of the
onset symptoms:

1. Being in or traveling through a place where COVID-19
is present.

2. Close contact with positive cases.
3. Close contact with people from the area affected by COVID-19 or

nearby regions.
4. Cluster onset.

Not found

2

C
on

fir
m

ed
C

as
e

Any of the following etiological signs:

1. Positive laboratory (rRT-PCR) or nucleic acid tests.
2. High COVID-19 biological genetic sequence homology.

Not found

Note: rRT-PCR: real-time reverse transcription polymerase chain reaction, WBC: white blood cells.

Table 6. Classification criteria of COVID-19 patients in approach 3.

No. Type Criteria [61] Guidance [61]

1

ES
I1

1. Infected area that has been visited in the past 14 days, or infected
person has been contacted, and have any symptoms of COVID-19

2. Not hemodynamically stable

Direct to
Cardiopulmonary

Resuscitation (CPR) room

2

ES
I2

1. Infected area that has been visited in the past 14 days, or infected
person has been contacted, and have any symptoms of COVID-19

2. Hemodynamically stable
3. Dyspnea SpO2 ≤ 93%

Supplemental oxygen
treatment (Severe

pneumonia)

3

ES
I3

1. Infected area that has been visited in the past 14 days, or infected
person has been contacted, and have any symptoms of COVID-19

2. Hemodynamically stable
3. Dyspnea SpO2 > 93%
4. Underlying disease/immunodeficiency. With or without Fever

≥37.3 C

Direct to an isolated
waiting room

4

ES
I4

1. Infected area that has been visited in the past 14 days, or infected
person has been contacted, and have any symptoms of COVID-19

2. Hemodynamically stable
3. Dyspnea SpO2 > 93%
4. Not underlying disease/immunodeficiency.
5. Fever < 37.3 C

Home care, directing the
patient to other clinics,

providing
supportive/symptomatic

treatment

5

ES
I5

There has been no visit to an infected area in the last 14 days, no
contact with an infected person, and no display
of symptoms.

Direct to other health
clinics or home care

Note: ESI: Emergency Severity Index, CPR: Cardiopulmonary Resuscitation.
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Table 7. Classification criteria of COVID-19 patients in approach 4.

No. Type Criteria [62] Guidance [62]

1

H
ig

h
ri

sk 1. Score ≥ 10
2. Have an epidemiological history Direct to the COVID-19 fever clinic

2

M
ed

iu
m

ri
sk

1. Score ranging from 4 to 9
2. Have any of the clinical manifestations
3. Have an epidemiological history

Direct to the COVID-19 fever clinic

3

Lo
w

ri
sk 1. Score from 1 to 3

2. Have any of the clinical manifestations
3. Have epidemiological history

Direct to the COVID-19 fever clinic

4

N
o

ri
sk 1. Score = 0

2. Does not have epidemiological history
3. Have a fever

Direct to the general fever clinic.
Monitor if the fever lasts for more than 3

days and consult a doctor

3.3. Reliability and Validity

In EDs, the performance and accuracy of the triage system results vary depending on
the spatial and temporal conditions. For example, the authors in [86] studied the results
of ED waiting time after implementing the CTAS system in the ED of the “King Faisal
Specialist Hospital and Research Center”. They found that physicians evaluated the wait
time for category I patients which matched the time goals for CTAS, but this was not the
case for the other four triage categories. As a result, we suggest that the triage system be
reviewed on a regular basis under a variety of conditions in order to ensure its accuracy
and prepare for future developments.

Most studies, such as [46,49,51], use wait times as a measure to evaluate this fac-
tor, while others, such as [45], use a variety of metrics, including Length of Stay (LOS),
Time-to-Bed (TTB), throughput, percentage of late patients, time in ED, and the risk of
delaying patients.

3.4. Scalability and Adaptability

The aging population and disasters such as the spread of COVID-19 [44] are expected
to increase the number of patients in EDs. As a consequence, the triage method should be
scalable and versatile enough to deal with several scenarios, including COVID-19 cases. To
achieve this, we suggest considering the following:

• The majority of triage operations should be conducted by an automated system to
minimize the rate of error and time spent by the triage nurse using conventional
approaches. Table 2 shows that the majority of the suggested solutions automate the
triage processes.

• Not all patients who come to the EDs are required to be admitted to these departments.
Early classification of patients’ severity status will aid in reducing ED congestion, par-
ticularly in times where infectious diseases such as COVID-19 is spreading. Therefore,
we recommend that the triage system be linked to a remote diagnostic system such as
the systems proposed in [44,87], through which the patient’s condition is evaluated to
determine the severity level upon which he will be admitted to the ED or transferred
to other care departments.
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• New diseases may emerge that require specific patient triaging criteria, which may
change over time. For example, the COVID-19 pandemic, which is an infectious
disease that necessitates rapid classification, the WHO has had to develop a specific
system to classify suspected COVID-19 cases. From Table 3 as well as the discussion
in Section 2.2.3, we can note that symptom variety and changeability play a big role in
classifying patients. Therefore, we recommend that the system be flexible, scalable,
and adjustable so it can easily and quickly adapt to changing conditions.

3.5. Observations

Several studies [69,76] examined datasets from hospitalized COVID-19 patients to de-
termine the prevalence of some COVID-19 symptoms. As shown in Table 3 in
Section 2, the prevalence varied across these studies. Furthermore, Figure 11 shows
the average prevalence measured by using the median of the observed prevalence and
considering the minimum and maximum reported values. Fever, dry cough, smell and
taste dysfunction, digestive issues, and fatigue are the most common COVID-19 symptoms,
with an estimated prevalence of over 50%. However, such findings do not represent or
assert a medical fact on COVID-19 symptoms because it necessitates standard review and
confirmation with sufficient data.
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The majority of the presented methods for general ED triaging primarily proposed
improvements for prioritizing patients based on estimated waiting time [44], estimated
duration of service [46], First Come First Serve (FCFS) [45,49,51], and risk level [47,50].
Waiting time and service duration are critical factors in reducing ED overhead, optimizing
resources usage, and saving patients’ lives. However, in the case of a pandemic such as
COVID-19, more criteria should be used in the triage systems to capture the outbreak’s
considerations and characteristics. For example, among such parameters are the availabil-
ity of special medical services and devices, effectiveness of the remote triaging through
communication and mobile technologies, and the accuracy of patients’ classification based
on vital signs and symptoms. The key problem with such general e-Triage systems is
that they were developed to manage general ED cases and situations. As a result, further
research is required to validate their usage during outbreaks.

Majority of the ED triaging studies proposed for COVID-19 rely on subjective mea-
surements [54–58,61,63,65]. Just a few studies [59,62,64] use a scoring system to assess
admission or severity level of patients. While scoring-based triage systems are determin-
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istic, the accuracy of the involved rules must be validated using actual datasets obtained
from EDs. Another discovered finding is that few of the reviewed studies were primarily
planned for general emergency departments [61,64]. Table 8 summarizes the main findings
from the proposed COVID-19 triage systems.

Table 8. Proposed studies on COVID-19 triage systems.

Ref. Type Department Objective Classification
Levels Type of Criteria

[54,55] Plans and
guidance dermatology

protect against the
spread of

COVID-19 in the
dermatology
departments.

No levels subjective

[56] remote triage
system cancer

advice patients
with neck and
head cancer.

Two levels Risk rate

[57] guidance electromyography

manage
electromyography

test requests
during the
COVID-19.

Three levels subjective

[58] guidance heart disease

triaging heart
disease patients

during the
COVID-19
pandemic.

subjective

[59] Resources
assessment ICU

Classifying
patients with

critical conditions
at ICUs.

Two levels (low,
high) scores

[61] guidance General ED
enhance the ED’s

triage system
during COVID-19.

Five levels as
Emergency

Severity Index
subjective

[62] questionnaire Pediatric ED

early detection and
controlling of
children cases

during COVID-19.

Three levels
(High-risk,

Medium-risk,
Low-risk)

scores

[63] admission criteria Pediatric ED

determine the
mechanism for
admission and

entry of COVID-19
sick children into

health care
facilities

Two levels
(suspected,

unsuspected)
subjective

[64] Visual Triage
Checklist General ED

instructions and
measures for Acute

Respiratory
Infection (COVID-
19/MERS-CoV).

Two levels
(respiratory

pathway, None)
scores

[65] Guidance and
admission rules ICU

Optimize the
usage of medical
resources at ICU

during COVID-19.

Two levels
(admitted, None) subjective

Note: ED: Emergency department, ICU: intensive care unit, MERS-CoV: Middle East respiratory syndrome coronavirus.
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Regarding the reported symptoms and classification criteria used with COVID-19
triaging systems, we discovered that the symptoms vary from source to source, owing to
the fact that the disease itself is not well understood yet, of both old and new types that
can manifest in the human body and cause a variety of clinical manifestations. According
to Tables 3 and 4, and Figure 11, the variety and changeability of symptoms have a
significant role in classifying patients. As a result, there is a need for a triage method that is
adaptable in terms of implementing various interventions as well as different thresholds
for making decisions on patient classification at EDs. Moreover, the majority of the patients’
classification criteria are variable and subjective. The variations and subjectivity of the used
parameters may be attributed to several factors, including the complexity of developing
such triage systems based on available information about the pandemic, the level of
risk in the countries and regions, the difficulty of implementing current scoring general
triage systems, the volatility of pandemic situations, and rapid overhead on ED during
the pandemic.

4. Recommended Solutions

Based on the literature review and gap analysis we made in the previous sections, we
will provide a list of recommendations to address issues in the e-Triage system considering
COVID-19 in the following subsections.

4.1. Electronic Triage System

Based on our findings, we recommend the use of an electronic system to reduce
overcrowding and overhead in the EDs by remotely and electronically assessing patients’
condition to either accept or reject their admission to the ED. We suggest considering the
following features when designing an e-Triage system.

• Since the COVID-19 pandemic case is not stable and many things arise while ad-
dressing the problem, there is a need for an adaptive system that allows resetting its
parameters in a flexible and quick way.

• To reduce overcrowding in Eds, which results in the possible reduction of infection
spreading, we recommend that the system provide a mechanism to receive patients’
requests remotely instead of personally coming to the ED.

• The system should have an expert model and decision support layer that guides the
hospital in filtering requests and managing patient waiting time.

4.2. Electronic Medical Record

We recommend using technologies such as database management systems to maintain
medical records and disease history. This will help in retrieving the required data when
needed quickly and with high accuracy instead of asking the patient for such information.

4.3. Medical Sensors Devices

We recommend using medical sensors to recognize the patient’s symptoms remotely
rather than asking the patient to answer several questions about symptoms they feel may
not give accurate results. In addition, it will also reduce the treatment time as there is no
need to check for specific symptoms by the triage nurse in the ED.

With that in mind, there is a need to find a flexible way to link sensors to symptoms
of COVID-19; hence we suggest having an adjustable scoring system based on symptoms
used in the diagnosis of COVID-19.

Therefore, to meet criterion 3 and 4 of the MOH approach [65] which are related to
oxygen issues, we recommend a mobile application connected to health monitoring sensor
devices to provide sensor readings of patients’ oxygen levels and other clinical signs.
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4.4. Scoring System and Classification Criteria

We have studied a respectable number of triage systems that were found in the
literature review, to highlight the admission criteria and the criteria that can be used to
estimate the severity level of admitted COVID-19 patients.

4.4.1. Admission Criteria for COVID-19 Patients

To estimate COVID-19 cases of remote patients before their arrival at a health facility
or before hospitalization, we recommend following approach 2 given in Table 5. Moreover,
we recommend adding a third category that represents those with little to no symptoms
that are major or common for COVID-19. Figure 12 shows the suggested categories along
with the possible scoring approach adapted from MOH [38] presented in Figure 7.
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Based on the above literature review and the locally implemented approach shown
in Figure 7, we do suggest the following score-based criteria presented in Table 9 as a
recommended admission approach that can be applied locally in Saudi Arabia. Moreover,
regarding the admission criteria, we recommend establishing conditions that have some
form of flexibility and adaptability to fit the nature and progression of the disease. Addi-
tionally, the capabilities of the country’s facilities should also be taken into consideration.
For example, we do recommend the following adapted conditions for the locally adopted
criteria in Saudi Arabia [65].

• The first criterion is that if the patient requires invasive mechanical ventilation. To
satisfy and determine this condition in our proposed system, it is required from the
patient who is contacting the hospital through the mobile application to determine if
they have a breathing problem. The ED needs to contact the patient and conduct a
quick interview to ensure the existence of such condition. Considering the available
resources, this condition is enough to accept a patient regardless of the other symptoms
whether they are related or not to COVID-19.

• The second criterion is that if the patient requires NIV for more than two hours or
HFNC. To ensure accuracy when determining such a condition, the ED can call and
ask more questions to determine if the patient is in need for such treatments. Therefore,
criterion 1 and 2 need the intervention of a specialist from the ED department to make
a final decision on the case.
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Table 9. Recommended admission scored-based criteria for COVID-19.

No. Input Symptoms Type Input Symptoms Criteria Score Format

1

Ex
po

su
re

R
is

k

2 text questions

Any of the followings

1. Recently (14 days), contact
with a COVID-19
confirmed case.

2. Recently (14 days), lived in or
worked in a facility known to
be experiencing a
COVID-19 outbreak.

2 Binary (Y/N)

1

C
lin

ic
al

Si
gn

s
an

d
Sy

m
pt

om
s

Fever Fever > 38 4 Binary (Y/N)

2 Cough (new or worsening) Coughing as described in [77] 4 Binary (Y/N)

3 Shortness of breath (new
or worsening)

Suffocating, or unable to catch
their breath 4 Binary (Y/N)

4 Headache, sore throat,
or rhinorrhea

Ranging from sharp to dull.
Trouble breathing or swallowing 1 Binary (Y/N)

5 Nausea, vomiting, and/or diarrhea Lack of appetite, diarrhea,
vomiting, or abdominal pain 1 Binary (Y/N)

6
Chronic renal failure,

Immunocompromised patient,
CAD/heart failure

Existence of the disease 1 Binary (Y/N)

4.4.2. COVID-19 Severity Level-Based Criteria

Using approach 1 summarized in Table 4, approach 4 summarized in Table 7, and the
suggested local approach presented in Table 9, we propose a set of criteria that combines
the two approaches so that they correlate with the calculated scores based on measured
symptoms. Accordingly, Table 10 reflects such updates where the points given for each
level can be adjusted based on knowledge of the disease behavior and its symptoms. Given
that the recommended scoring system in Table 10 is only for the inpatients considered to be
COVID-19 patients. The idea is to have a COVID-19-based e-Triage system that can give a
severity level based on only the taken clinical signs and symptoms. Thus, the other factors
including exposure risks are excluded from the scoring system.

Based on the visual triage checklist provided by MOH in [38], the main symptoms of
COVID-19 are fever, cough, and shortness of breath, hence each of these symptoms was
mapped to a score of 4, which is the highest possible score for a single symptom in the
triaging checklist. The remaining symptoms are considered minor due to the minimum
assigned score of 1. Therefore, in Table 10, we propose a severity level-based scoring
system which categorizes a patient into one of four possible levels: mild, moderate, severe,
or critical.

The mild level, as described in Table 4, represents the lowest severity level and thus
would not involve any of the three main symptoms adopted in [38]. Therefore, we excluded
the three main symptoms from the total scores and only considered the minor symptoms,
resulting in a total score that ranges from 1 to 3.
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Table 10. Proposed severity level-based classification criteria for COVID-19 patients.

No. Type Criteria [68,84,85] Possible Scores

1 Mild

1. None of the below conditions:
a. Fever
b. Cough
c. Respiratory
2. Any of the non-main symptoms (required)

1–3

2 Moderate

1. One of the below conditions:
a. Fever
b. Cough
c. Respiratory issues
2. Any of the non-main symptoms (Optional)

4–7

3 Severe

Scoring-based criteria:
1. Two of the below conditions:
a. Fever
b. Cough
c. Respiratory issues
2. Any of the non-main symptoms (Optional)
None Scoring-based criteria:
1. Any of the below conditions:
a. “Respiratory rate > 30 breaths/min”
b. Severe respiratory suffering
c. “SpO2 < 90% on room air “

8–11

4 Critical

Scoring-based criteria:
1. Having fever, cough, and respiratory symptoms
2. Any of the non-main symptoms (Optional)
None Scoring-based criteria:
1. Any of the below conditions:
a. “Respiratory failure, need mechanical assistance”
b. “Shock”
c. “Organ failure” where ICU is a must.

≥12

The moderate level, as described in Table 4, is a level involving patients with moderate
pneumonia. To ensure this level aligns with the scoring approach adopted in [38], we
recommended considering only one of the main symptoms as an indicator for this level of
severity. This results in a score that may range from 4 (having one of the main symptoms)
to 7 (having one of the main symptoms and any of the minor ones).

As for the severe level, we recommended considering only two of the main symptoms
as it does not involve respiratory failure as described in Table 4. Thus, the suggested
possible scores for this level fall within a range of 8 to 11. Finally, the critical level, which is
the highest severity level, involves all three main symptoms, hence resulting in a cumulative
minimum score of 12 for this level.

Moreover, to further support our proposed scoring approach presented in Table 10, we
used a dataset containing data collected from COVID-19 patients admitted to King Fahad
University Hospital (KFUH). However, to validate the recommended scoring approach,
there is a need to work on a sufficient number of samples collected from COVID-19
patients at EDs. The data should contain a variety of samples and symptoms related to the
classification levels. It is worth noting that datasets can be used to design and validate the
proposed ED scoring-based triage system, but the aid of medical professionals and experts
is still quite necessary. Furthermore, although we analyze applying our proposed scoring
system to the data collected from KFUH, the extent of our analysis is constrained by the
percentage of patients in the data who present key symptoms of COVID-19. Therefore, this
analysis may not necessarily constitute as a validation of the approach.

The dataset collected from KFUH consists of 243 records representing COVID-19 cases.
After preprocessing and filtering out records with missing or invalid values, the remaining
samples were 177 samples. Table 11 shows the description of the used dataset where we



Sensors 2021, 21, 2845 27 of 32

considered the features that could be mapped to our study. The processed dataset holds 43
samples classified with Target of 1, Group 1, representing the recovered cases at the time
of collecting the data. The rest of the samples, 134 samples, are classified as Target of 2,
Group 2, representing the most critical cases that are either deceased or active at the time
of collecting the data.

Table 11. KFUH dataset description.

Type Feature Description and
Format Selected Status

General Info.
Case Id Identification

Number

Age Patient’s age as an
integer

Clinical Signs and
Symptoms

Fever Yes/No recorded as
Integer (1 or 2) 3

Shortage of Breath Yes/No recorded as
Integer (1 or 2) 3

Cough Yes/No recorded as
Integer (1 or 2) 3

Chronic—Diabetes Yes/No recorded as
Integer (1 or 2) ×

Chronic—
Hypertension

Yes/No recorded as
Integer (1 or 2) 3

Chronic—
Cardiovascular

Yes/No recorded as
Integer (1 or 2) 3

Chronic—
Dyslipidemia

Yes/No recorded as
Integer (1 or 2) ×

Chronic—kidney
disease

Yes/No recorded as
Integer (1 or 2) ×

Table 12 shows the general statistics of the two groups considering the features
or symptoms that contribute to our study. Based on the statistical results presented in
Table 12, it is obvious that the most significant factors/symptoms impacting the classifica-
tion of the studied samples are fever, cough, and shortage of breath symptoms. Thus, we
have considered them as the main factors used in this study to decide on the severity level
of COVID-19 cases.

Table 12. Statistical results of the two groups constituted the used dataset.

Target

Main Symptoms Others

# SamplesFever Shortage of
Breath Cough Hypertension Cardiovascular

Group 1
(count and %)

22 30 21 17 8
43

51% 70% 49% 40% 19%

Group 2
(count and %)

118 87 117 38 10
134

88% 65% 87% 28% 7%

Considering the first group of samples, Group 1, it holds only 43 samples and thus we
have excluded its statistics in this study. However, we relied on the second group, Group
2, which holds 134 samples representing only active or deceased cases. We believe that
Group 2 is more suitable to decide about the most critical levels (Severe and Critical) due
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to the type of the samples in Group 2 (active and deceased cases) as well as its statistics
showed that all the samples involve at least two of the three main factors.

Table 13 shows the statistics for Group 2 considering how many factors out of the
three main factors being involved in the samples (two factors or three factors). Based on the
statistical results presented in Table 13 and the recommendations presented in Table 9, we
recommend that the severe level can involve two of the three main factors with a minimum
accumulated score of eight points. On the other hand, the critical level can involve all the
three main factors with a minimum accumulated score of 12 points.

Table 13. Statistical results for Group 2.

Information Group 2 of the Dataset (134 Samples Where Target = 2)

Severity Level Severe Level Critical Level

Criterion Two of the main symptoms All the three main symptoms

# samples 80 54

ration 60% 40%

Scoring Range 8–11 ≥12

Finally, regarding the mild and moderate levels, we recommend using only one of the
three main factors as an essential criterion, in addition to the other non-main factors, to
assign moderate level. Thus, the moderate level will have an accumulated score of [4 to 7].
On the other hand, the mild level, the lowest level, can be determined based only on the
non-main factors with a range of [1 to 3] as shown above in Table 10.

5. Conclusions and Future Work

Due to the contingent nature of the COVID-19, long waiting times and interaction
of the COVID-19 patients will increase the risk of the spread. Therefore, overcrowding
in emergency departments need to be reduced to control the outbreak. Different triage
systems have been proposed to classify patients into different levels based on the severity
of their health condition. In this paper, number of these systems are reviewed, and the
taxonomy of patient classification approaches is provided. The severity of a patient’s health
condition can be determined by the pathological symptoms. Therefore, in this paper, a
comprehensive survey was conducted to determine the symptoms of COVID-19 that were
found in the literature review. It was noted that there are many challenges that cannot be
addressed in the proposed triaging systems. However, several parameters were identified
such as waiting time, simplicity, reliability, validity, scalability, and adaptability, and were
recommended while designing an e-Triage system for EDs. Moreover, we recommend the
use of an electronic system to reduce overcrowding and overheads in EDs by remotely and
electronically assessing patients’ condition to either accept or reject their admission to the
ED. Furthermore, we proposed a severity level classification approach of COVID-19 cases
as a part of the recommended e-Triage system.

Having said that, our study carries some limitations, scoring systems, whether elec-
tronic or paper-based, solely based on the patient’s subjective answers and experience
of the triaging personal especially that most of EDs depend on a nursing staff to do this
task which may affect the accuracy of data entered. Similarly, many external factors might
interfere with applicability of such approaches; limited resources availability especially in
rural areas, numbers of patients, and ED design play a major factor in the success or failure
of e-triaging systems. Thus, there is a need to conduct a validation on the recommended
scoring-based triage systems using real patient’s data with enough samples considering the
quality and statistics of the data. Moreover, there is always a need to update the findings on
relevant symptoms for such outbreaks. Additionally, the symptoms themselves are highly
variability from one another. As the disease itself is not well studied yet with old and cur-
rent variants, which can manifest in the human body with different clinical manifestations.
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Finally, one of the limitations in this work is that the presented recommendations regarding
enhancing admission criteria with scoring-based system were given mainly based on the
triage system adopted in Saudi Arabia. Thus, more evaluation and analysis are required to
generalize the recommended approach to be worldwide.
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