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ABSTRACT

Introduction: SARS-CoV-2 has disseminated globally, and COVID-19 has
been labeled as a public health emergency of global concern by the World
Health Organization. Since 2019-nCoV (2019 new coronavirus) has a long
incubation period and high infectivity, e-Health and its subsets in medical
informatics have evolved as a suitable solution to enable the continuity of
health services delivery. Also, new health care models are required during
the COVID-19 pandemic. The proposed systematic review aims to examine
and summarize evidence related to medical informatics applications in
COVID-19 crisis, as evidence-based approaches.

Material and Methods: A research team consisting of experts in the fields
of medical informatics and systematic review methods were guided this
review according to the Cochrane Handbook and PRISMA reporting
guidelines. PubMed and Scopus databases were searched. Eligibility criteria
for including studies reviewed was randomized and non-randomized
controlled trials published in English language. Articles performed on
medical informatics applications in COVID-19 pandemic during 2019-2020
were identified. Two independent reviewers will assess articles eligibility
and extract data into a spreadsheet using a structured pilot-tested form.
Collected data and evidence will be synthesized using a thematic synthesis
approach. The risk of bias will be assessed in all included studies using
appropriate tools.

Results: The literature search led to the identification of a total of 1882 and
854 articles retrieved from the PubMed and Scopus databases, respectively.
After removing duplicates, 2716 articles remained and underwent title and
abstract screening process. The results of this review are expected to be
served as a basis for assisting researchers, decision makers, medical
informatics specialists, politicians, and others in developing, implementing,
and evaluating IT-based tools and interventions to help medical staff in
combating and eradicating COVID-19.

Conclusion: This systematic review is the first comprehensive evaluation of
MI methods aiming to control and manage covid-19 pandemic. This study
highlights applications of medical informatics in pandemic situation and will
help future researchers to take the most advantage of using MI in the health
system.
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INTRODUCTION
In 2019, a novel coronavirus called Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
caused the international outbreak of COVID-19
(Coronavirus Disease 2019) respiratory illness [1].

SARS-CoV-2 has disseminated globally, and COVID19 has been labeled as a public health emergency of
global concern by the World Health Organization [2].
Principal modes of spread reported include diffusion
through respiratory droplets and possible diffusion
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through airborne particles. It is worth noting that the
virus could also be transmitted during its incubation
period by asymptomatic carriers [3, 4]. Since 2019nCoV (2019 new coronavirus) has a long incubation
period and high infectivity [5], the prevention and
control of the COVID-19 pandemic face major
challenges. To ensure safety in health care delivery
and meet patients' needs, health systems have
adjusted care processes and employed new
approaches to screen and care for COVID patients so
that routine health care delivery could continue and
meet patients' needs [6].
In this scenario, e-Health has evolved as a suitable
solution to enable the continuity in health services
delivery [7]. E-Health is generally described as the
provision of health-associated services through the
safe and cost-effective application of information and
communication technologies (ICTs) [8]. E-Health
solutions could support care and treatment through
exchanging treatment data among health care
providers or between patients and health care
providers not complying with data protection
regulations and also through providing documents
appropriate for tele-intensive care needs of remote
COVID-19 patients [9]. Due to the high transmission
rate of COVID-19, most countries have imposed strict
lockdowns and curfews; hence, patient-physician
communication and visits are challenging. In the era
of digital health technologies, the focus on developing
new models has shifted towards telehealth (virtual
visits, virtual care), mobile apps (remote patient
monitoring), websites, and chatbots (risk
assessment, screening, triage) [10]. It is clear that
health information technology has played significant
roles in the combat against COVID-19 so far.
However, new health care models are required
during the COVID-19 pandemic [8].
Incorporation of new health technologies and
practices such as big data , artificial intelligence (AI),
telehealth services, health information exchange
(HIE) services and mobile health applications [8] into
health care systems could assist health care
providers to deal with this global challenge in
different ways. Incorporation of big data, such as
transportation data and location-based services data,
could be useful in modelling viral activity and
providing guidance for health care policymakers;
artificial intelligence (AI) and deep learning could
also be beneficial in improving the detection and
diagnosis of COVID-19 and facilitating the
development of novel drugs [11]. All of these
methods are useful for providing strong support in
the pandemic prevention and control [12].
Many studies have described and examined different
dimensions of Medical Informatics (MI) in the control
and management of COVID-19 [10-13]. Thus, the aim
of this systematic review study is to explain and
summarize the applications of medical informatics in
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COVID-19 crisis by evidence. The results of which
may be served as an evidence-based yardstick in the
development and implementation of health
information technology innovations.
The use of health technologies in research and
judgment about the pandemic causes innovations in
the diagnosis and therapy, improves services
efficiency, and strengthens the capacity of
information technology to support the pandemic
prevention and control. We will raise research
questions and define the study population, the type of
intervention applied, the control used to compare the
results, and the outcome framework used to identify
and combine Medical Subject Headings, subject
headings, and keywords.
Research questions
The aim of this review is to identify applications of
medical informatics in COVID-19 crisis. The impact of
IM would be described in terms of one or more of the
three metrics. The research questions addressed are
as follows:


Which studies have used different medical
informatics tools in COVID-19 crisis?



What are the applications of medical
informatics in these studies?



What are the most commonly used methods
in these studies?



How is the quality of these studies?

The participants in all studies evaluated are human
subjects. The intervention is medical informatics
tools, and the control is conventional health care
methods. A positive outcome is identified if medical
informatics assists the health system in diagnosing,
treating (including follow up), and/or controlling
pandemic.

MATERIAL AND METHODS
The Cochrane protocol guide was used to develop this
systematic review protocol [14]. The Preferred
Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA) Protocols (PRISMA-P) 2015
Checklist [15] was employed to report this systematic
review protocol. The research team consists of
healthcare and MI professionals who are skilled in
research and teaching and have clinical experience in
medical informatics. SE and RG have conducted
extensive research in the field of systematic review as
well as design and evaluation of information
technology-based interventions. SE has a
multidisciplinary background in pharmacology and
medical informatics. Also, RG has multidisciplinary
background in health information technology and
medical informatics. SE has also conducted extensive
research and has teaching experience in medical
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informatics.
Eligibility criteria
Study design
Studies considered as eligible for inclusion in this
review include quantitative and qualitative studies
and studies conducted with randomized and nonrandomized study designs. Non-randomized studies
include case-control, cohort, and cross-sectional
studies in which MI is the primary intervention used.
Randomized studies include randomized controlled
trials and quasi experimental studies.
Study participants
All studies describing the use of MI targeted at
assisting health care providers to diagnose, treat,
manage, and control COVID-19 disease among
individuals or groups will be considered as eligible
for inclusion in this research. Study participants will
be people with different ages, genders, ethnicities,
occupations, and roles, included in the reviewed
studied (i.e. patients and health professionals).
Intervention and control
Medical informatics is the interconnection of
information technology and different disciplines of
medicine to improve health care and treatment
outcomes. Medical informatics emphasizes the use of
technology as an essential tool targeted to assist in
organizing, analyzing, managing, and using
information [16]. According to American medical
informatics association (AMIA), “Medical informatics
has to do with all aspects of understanding and
promoting the effective organization, analysis,
management, and use of information in health care”
[16].
Interventions intended to be evaluated in the study
should aim to strengthen the health system by MI in
combating COVID-19 disease. MI literature could be
divided into three subdivision: 1) the organization,
application, and evaluation of health information
systems, 2) medical knowledge representation, and
3) signal and data analysis [17].
Controls may consist of other routine care or
advanced technologies traditionally adopted in
health systems to enhance diagnosis, treatment, and
control of the disease as well as decision making
about the pandemic.
Outcomes
In fact, studies investigating at least one outcome will
be included in this review. The outcomes will be
categorized into two groups: clinical and process
outcomes. Clinical outcomes are biomarkers
demonstrating the disease severity, such as blood
pressure. Care process outcomes are defined as the
Volume 10 | Article 56 | Jan 2021
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outcomes affecting patients' care by improving the
quality of care and interaction between care
providers and patients [18]. Studies focusing on the
development, applicability, or description of IT-based
instruments without evaluating any outcomes will be
excluded.
Search Methods
Electronic databases, including PubMed and Scopus,
were systematically searched. Following exploratory
research around the research questions, Medical
Subject Headings, subject headings, and keywords
were identified. No restriction was applied regarding
the publication date of studies included. However,
only studies published in English was included.
PubMed is intended to be first searched by
implementing a search strategy for a preliminary
research. Based on the findings of this search, the
search strategy were developed and adapted for
searching the Scopus database. The search were
restricted by date from 2019 to the end of September
19, 2020.
Search strategy
The search terms were be identified based on two key
concepts, including medical informatics and related
concepts (behavior or phenomenon of interest) as
well as COVID-19 (health context). Keywords and
Mesh terms related to each of these concepts were
searched in the literature and thesauruses (Table 1).
Both Medical Subject Headings and free-text terms
were searched. Truncation and adjacency searching
was used to increase the sensitivity of the search as
much as possible.
Data management
EndNote X8.2 (Clarivate Analytics, Philadelphia, PA,
USA) was used to manage the results of our searches
and remove duplicates. Duplicates not identified by
the Endnote were manually removed. The
bibliographic citations of studies included were also
be manually searched to identify other studies that
meet the inclusion criteria. Studies selection was
done with human.
Study selection
Titles and abstracts of selected studies will be
screened for eligibility by two independent reviewers
based on the inclusion criteria. Contradictions will be
resolved through discussion between two reviewers
and, if needed, by the Judgment and intervention of a
third independent reviewer. The full text of all studies
selected during the screening process will be
reviewed independently by two reviewers, and any
disagreement will be resolved as described earlier. A
PRISMA flow chart will be prepared to show the
details and steps of the selection process [19].
Page 3 of 7
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Health information technology

Table 1: Keywords and Mesh terms used in the search strategy

Corona
virus

Mesh Terms
Telecommunications, telemedicine,
computers, handheld, medical
informatics
hospital medication systems,
adverse drug reaction reporting
systems, radiology information
systems, clinical laboratory
information systems, electronic health
records, electronic prescribing,
computerized medical records
systems, hospital information systems,
medical informatics applications,
expert systems
medical order entry systems, clinical
decision support systems, decision
support system management, decision
support techniques, point-of-care
systems, information storage and
retrieval software, patient portals,
health information exchange and
monitoring system, smartphone
cellular phone mobile, cell phone
mobile applications, web browser,
internet web information technology,
information systems
Severe acute respiratory syndrome
coronavirus 2

Other Terms
Telemetry, mobile health, m-health, telehealth, e-health, personal
digital, assistant, PDA computer, handheld computer, palm-top
computer, computer, tablet, health informatics, clinical informatics,
health information technology, medical information science, hospital
unit dose drug distribution systems, medication hospital systems,
adverse drug reaction reporting systems, picture archiving and
communication systems, system, X-ray information, clinical
laboratory information systems, laboratory information system,
electronic medical record, computerized medical record, electronic
health record, E-prescribing, electronic prescription, E-prescription,
automated medical records system, computerized medical records
system, automated medical record system, multi-hospital
information systems, informatics applications, medical, medical
informatics application, expert systems, medication alert system,
medication system*, medication alert/reminder system,
computerized physician order entry system, computerized provider
order entry system, CPOE, decision analyses, decision modeling,
clinical prediction rule, prediction rule, clinical prediction, decision
analysis, decision analyses, point of care technology, information
extraction, computer program, software tool, computer software
application, computer programs and programming, patient web
portal, patient internet portals, patient portal, medical information
exchange*, health information exchange*, screening system,
surveillance system, smart phone*, cellular phone, mobile phone,
transportable cellular phone, mobile app, portable electronic app,
world wide web, ancillary information system, emergency care
information system
Wuhan coronavirus, Wuhan seafood market pneumonia virus,
COVID-19 disease, coronavirus disease 2019, SARS-CoV-2, SARS 2,
2019-nCoV, 2019 novel coronavirus

Data extraction
Two reviewers will independently extract data in
each eligible study using a pre-piloted Microsoft
Excel data extraction form. The third reviewer will
review the extracted data to ensure the accuracy and
completeness of the data. The following information
will be extracted from the included studies:
author(s), year and month of publication, country,
study aim, study design, sample size, method used,
outcomes, result, and conclusion.
Quality assessment
The quality of the included studies will be assessed by
two authors using appropriate instruments selected
based on the type of each article. In case of
disagreement, the consensus will be sought by the
third reviewer. The quality of observational articles
(cohort, cross-sectional, and case-control) will be
evaluated using the STROBE tool [20]. This tool
quantifies the risk of bias in terms of 22 sections as
follows: title, abstract, background/rationale,
objectives, study design, setting (place and time),
participants (in two parts of method and result),
variables, data sources/ measurement, bias, study
size, quantitative variables, statistical methods,
Volume 10 | Article 56 | Jan 2021

descriptive data, outcome data, main results, other
analyses, key results, limitations, interpretation,
generalizability, and funding. Each item is scored
either by 0, 0.5, or 1, indicating that article doesn’t
contain relevant content, contains relevant content
with no elaboration, and contains relevant content
with elaboration, respectively.
The quality of prediction studies will be assessed
using the Prediction model Risk of Bias Assessment
Tool (PROBAST) [21] which is applied to determine
the applicability and risk of bias in diagnostic and
prognostic studies. PROBAST includes 20 signaling
questions in four areas as follows: participant
selection, predictors, outcome, and analysis. Each
area is scored as low, high, or unclear. The quality of
quasi-experimental studies will be assessed by
applying the Quality Assessment Tool designed by
Brown based on the study of Estabrooks et al. (2001,
2009) for pre and post intervention study designs
[22, 23]. This tool assesses six areas including
sampling, design, control of confounders, data
collection and outcome measurement, statistical
analysis, and conclusions and dropouts.
Finally, the Cochrane Collaboration instrument will
be applied to evaluate the risk of bias in clinical trials
[14]. This tool has been designed to evaluate the risk
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of bias in terms of the following domains: selection
bias (i.e. random sequence generation and allocation
concealment), reporting bias (selective outcomes
reporting), performance bias (i.e. blinding of
participants and personnel), attrition bias
(incomplete outcomes data), detection bias (blinding
of outcome assessor), etc.
Each study will be evaluated independently by two
reviewers, and in case of any disagreement, a
bilateral discussion session will be hold to reach a
consensus.
Data synthesis
The applications of MI will be identified using a
thematic synthesis approach comprising three stages
as follows [24]. At first, the themes of the selected
articles are identified through a series of meetings
after summarizing and classifying the results, which
appeared to be relevant, into higher-order categories.
Classifying is undertaken to develop more
understandable and essential topics from recurrent
themes or a varied number of results. In the second
stage, the codes are grouped into categories based on
their similarities and differences, and a descriptive
theme is created to capture the meaning of each
category. In the final stage, analytical themes are
generated from descriptive themes. Analytical
themes are interpretations of descriptive themes,

Raheleh Ganjali et al.

which usually go beyond the findings of the original
studies. Analytical themes are inferred from
descriptive themes based on the observed
interrelationship with the definitions of MI
dimensions. All the reviewers will initially generate
analytical themes independently and then
collectively in group in order to minimize the risk of
bias [24].

RESULTS
In this review study, all included studies were
published from 2019 to 2020 concurrent with
COVID-19 outbreak. The literature search led to the
identification of a total of 1882 and 1045 articles
retrieved from the PubMed and Scopus databases,
respectively (Fig 1). Then databases search results
were imported to Endnote. 211duplicate articles
were removed. After removing duplicates, 2716
articles remained and underwent title and abstract
screening process.
The results of this systematic review provide a
comprehensive view of various applications of MI in
COVID-19. The present study results are expected to
be served as a basis for assisting researchers,
decision makers, MI specialist, politicians, and others
in developing, implementing, and evaluating ITbased tools and interventions to help medical staff in
combating and eradicating COVID-19.

Fig 1: Flow diagram of the literature search and publications selection

DISCUSSION
This systematic review aims to identify the
applications of medical informatics in COVID-19
pandemic. To the best of our knowledge, this review
is the first attempt undertaken to develop an
Volume 10 | Article 56 | Jan 2021

evidence-based method using a systematic review
approach. The proposed systematic review will
introduce further research and innovations in terms
of advantages and disadvantages of using MI in the
health system. The primary aim of this review is to
determine whether MI could assist health care
providers in providing health services to improve the
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diagnosis, treatment, management, and control of
COVID-19 as well as to determine the most common
MI-based methods used in COVID-19 pandemic.
Other studies were done in organ transplant and lung
transplant [25, 26]. The use of a wide range of
keywords and Mesh terms to develop the search
strategy may also be considered as a strength point of
this review. However, the generation of analytical
themes from descriptive themes through thematic
synthesis is considered as controversial because it is
affected by the insight and judgment of the reviewers,
but multidisciplinary perspectives and the extensive
experience of the reviewers are believed to increases
the value of synthesized data in this study. Finally, it
is expected that the use of a transparent and rigorous
systematic review approach in this study will result
in the development of an evidence-based approach to
the use MI.

CONCLUSION
To the best of our knowledge, this systematic review

Raheleh Ganjali et al.

is the first comprehensive evaluation of MI methods
aiming to control and manage covid-19 pandemic.
This study highlights applications of medical
informatics in pandemic situation and will help
future researchers to take the most advantage of
using MI in the health system.
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