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Abstract

Context: Artificial intelligence (AI) Chatbots are computer programs that simulate human conversation and use artificial
intelligence, including machine learning and natural language processing, to interact with users via natural language. With the
outbreak of the COVID-19 pandemic, the use of digital health technologies such as chatbots has accelerated.

Objectives: This study aims to investigate the application of Al chatbots in combating the COVID-19 pandemic and explore their
features.

Methods: We reviewed the literature on health chatbots during the COVID-19 pandemic. PubMed, Scopus, Web of Science, and
Google Scholar were searched using relevant keywords such as “chatbot”, “conversational agent,” and “artificial intelligence”. To
select the relevant articles, we conducted title, abstract, and full-text screening based on inclusion and exclusion criteria. Chatbots,
their applications, and design features were extracted from the selected articles.

Results: Out of 673 articles initially identified, 17 articles were eligible for inclusion. We categorized the selected Al chatbots based
on their roles, applications, and design characteristics. Around 70% of chatbots were designed to play a preventive role. Our review
identified 8 key applications of the Al chatbots during the COVID-19 pandemic, which include (1) information dissemination and
education, (2) self-assessment and screening, (3) connecting to health centers, (4) combating misinformation and fake news, (5)
patient tracking and service delivery (6) mental health (7) monitoring exposure (8) vaccine information and scheduling. Al chatbots
were deployed on various platforms, including mobile apps, web, and social media. Mobile-based chatbots were the most frequent.
All chatbots used Natural Language Understanding (NLU) methods to understand natural language input and act on the user’s
request. More than 50% of Al chatbots used NLU platforms, including Google Dialogflow, Rasa framework, and IBM Watson.
Conclusions: Al chatbots can play an effective role in combating the COVID-19 pandemic. Increasing people’s awareness, optimizing
the use of health resources, and reducing unnecessary encounters are some of the advantages of using Al chatbots during the
COVID-19 outbreak. Using NLU platforms can be a suitable solution for developing Al chatbots in the healthcare domain. With
advancements in the field of artificial intelligence, it seems that Al chatbots will have a promising future in healthcare, particularly
in public health, chronic disease management, and mental health.
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. Context fake news created confusion and anxiety (3, 4).

A solution to these problems in healthcare is the

With the spread of the COVID-19 pandemic around the
world, significant demands were imposed on healthcare
systems, and the effective use of available resources and
capacity expansion became a vital matter (1). Various
restrictions, such as social distancing to slow and prevent
the transmission of the virus, created major challenges in
the provision of traditional and face-to-face services (2).
Furthermore, the rapid growth and update of information
about the virus and the fast spread of misinformation and

employment of chatbots and other digital health
technologies (5, 6). A chatbot, or conversational agent, is
a computer software that simulates human interaction
and communicates with people in natural language using
voice instructions, text dialogues, or both (7, 8). Rule-based
and artificial intelligence (NLP)-based chatbots are the two
primary categories of chatbots (9). Rule-based chatbots
communicate using predefined answers. These chatbots
don’t comprehend the context of the conversation;
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instead, they respond according to a set of if-then rules.
Only when users provide a predetermined, controlled
keyword or command do they offer matched answers (like
Telegram bots). The agent might not be able to match
that question with an answer if something is supplied
that is outside its scope, such as a different spelling
or accent. Al chatbots to communicate with users in
natural language employ artificial intelligence, including
machine learning and natural language processing (NLP)
(10). Al Chatbots use machine learning to make decisions,
learn from prior conversations, and recognize patterns in
user input. Natural language processing helps chatbots
extract structured data from unstructured language input
and enables them to replicate that behavior. Even when
someone makes a spelling error, NLP still enables them to
comprehend the content of the conversation. Users can
freely communicate with the chatbot by speech or writing
(11). Al chatbots may perform better than their rule-based
counterparts (12, 13).

Recently, the use of chatbots has increased across
industries and business functions such as customer
service, sales, and marketing (14). Chatbots have
been employed in the healthcare industry for several
applications, including diet, physical activity, and
mental health (15-17). Using chatbots can improve
real-time access to health information and services
for millions of people (18-20). In response to the COVID-19
pandemic and to provide accurate information about
the virus, many organizations and governments have
created health chatbots (18, 21). For example, the World
Health Organization (WHO) has developed a chatbot
on the WhatsApp platform to combat COVID-19, which
disseminates news and new findings related to the virus
and answers users’ questions about protection and care
against the Coronavirus (22).

While several studies have investigated the use of
chatbots in healthcare, few have focused specifically on
Al chatbots and their application in combating COVID-19
(19, 21, 23). Safi et al. have specifically investigated the
technical aspects of health chatbots and were not focused
on their application in COVID-19 (19). Other studies have
reviewed the application of chatbots in COVID-19 but did
not specifically focus on Al chatbots and their technical
aspects (21, 23). Moreover, these studies that have reviewed
the use of chatbots in COVID-19 have only investigated
chatbots developed in the first year of the outbreak,
ignoring more recent developments.

Therefore, this scoping review aims to systematically
review the recent literature on Al-based chatbots related
to COVID-19, identify and describe their applications in
combating the virus, and investigate the design features of
these chatbots. Specifically, we aim to answer the following

research questions:

a) How have Al-based chatbots been used to combat
COVID-19?

b) What are the key features of these chatbots?

¢) How have these technologies been designed?

d) What Al methods have been used in these chatbots?

This review will provide insights into current research
on Al-based chatbots in healthcare, their applications in
managing pandemics like COVID-19, and the technical
aspects that can be effective in the design and utilization
of these chatbots.

2. Objectives

In thus study we aim to contribute to the existing
literature on the use of Al-based chatbots in healthcare and
provide guidance for future research and development in
this field.

3. Methods

3.1. Data Resources and Search Strategy

Based on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA), we performed
a scoping review (24) (Figure 1). Electronic databases
(PubMed, Scopus, Web of Science, and Google Scholar)
were used for the literature searches. For Google Scholar,
we only used the first 150 results because it gives the best
results for a search query first. Between November 2019
and October 2022, the search was done. Articles were
searched in databases by a combination of related terms,

” o«

including “chatbot”, “conversational agent”, “voice bot”,
“conversational bot”, “virtual assistant”, “conversational
system”, “COVID-19”,” SARS-CoV-2", and “coronavirus.”
Search terms were categorized into two groups (Table
1). To combine search terms, we used the OR operator
for inside each group and the AND operator for between
groups. For management, all records were imported into

Endnote 20, and duplicates were removed.

3.2. Inclusion and Exclusion Criteria

To choose relevant studies, we applied the following
inclusion criteria: peer-reviewed and original articles,
full-text available, the studies focused on the application
of chatbots in response to the COVID-19 pandemic, and the
papers investigated the technical aspects of chatbots. We
excluded studies that (a) did not investigate a chatbot, (b)
chatbots were not related to the healthcare domain, (c)
chatbots were used for other healthcare purposes, (d) were
used non-Al or rule-based chatbots, (e) was published as a
review article and (f) non-English articles.
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Duplicates removed
(n=313)

Titles or abstracts excluded
(n=271)

Reasons:

1.Not a chatbot (46)

2Don’t use for healthcare (42)

3 Not for Covid-19 (44)

4 Non-English article (42)

5. Not a original article/Non-peer-reviewed
publication (97)

Records excluded during full-text
screening
n=72)

A
s
= Records identified through database searching
g (n=673)
'E'E Scopus(220), PubMed (101), WOS(202).
< Google Scholar(150)
=
—
)
o0
i
E Records after duplicates removed
= (n=360)
%}
N
(EEm—
4
= Full-text articles assessed
Em (n=239)
=
—
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A 4
<
= Studies included in this review
) (n=17)
=
\E—

Reasons:

1.Not a chatbot (7)

2 Don’t use for healthcare (1)

3 Not for Covid-19 (7)

4 Not an Al chatbot (11)

5 Full-text unavailable (33)

6.Review article (5)

7 Duplicate study (1)

8 Not enough details about chatbot (7)

Figure 1. Summary of literature search

Shiraz E-Med ]. 2023; 24(11):e139627.




MahdaviA et al.

Table 1. Combination of Search Terms

Groups Search Terms
1 Covid 19 OR covid-19 OR covid19 OR “corona virus” OR SARS-CoV-2 OR Coronavirus OR Corona
2 Chatbot*OR “conversational agent™ OR voicebot OR “virtual assistant*” OR “conversational bot*” OR “conversational system*” OR “conversational interface*”

OR “chat bot*” OR chat-bot* OR “virtual agent*”

3.3. Study Selection

Two reviewers independently screened all titles and
abstracts, and full-text articles were screened for eligibility.
Disagreements between the reviewers were resolved by
discussion, and a third reviewer was consulted if necessary.
We recorded the number of articles screened at each stage
and the reasons for exclusion.

3.4. Data Extraction

Two investigators independently extracted data
from studies. The data extracted included general study
information (such as the authors’ name and publication
year), a description of the chatbot (chatbot name, aim,
and language), chatbot applications, and technical
characteristics (such as platform, Al techniques, and
user-chatbot interaction). Extracted data were recorded
in a spreadsheet. Any disagreements about the data
extracted were resolved by the third reviewer (Additional
file 2).

4. Results

4.1. Search Results

Figure 1 illustrates the study selection process. A total
of 673 articles were identified from the electronic database
search. After removing 313 duplicate articles, the abstracts
and titles of the remaining articles were screened, and 271
studies were excluded. After the full-text review phase and
the removal of 72 studies, 17 articles were finally selected.

4.2. Chatbots Characteristics

The characteristics of 17 chatbots are presented in
Table 2. Fourteen chatbots (88.2%) were programmed
to converse in English (7, 25-37). Four chatbots were
bilingual and supported languages such as French, Italian,
Vietnamese, and Indian in addition to English. The
United States, India, Australia, and Austria developed
bilingual or multilingual chatbots. Arogya Setu, Watson
Assistant, Symptoma, and COVIBOT were multi-language.
These chatbots exhibit a commitment to inclusivity,
potentially fostering satisfaction among diverse linguistic
communities. For example, Arogya Setu and COVIBOT
are used in India, which support more than 10 popular
languages (7, 31).

Thirteen out of the 17 chatbots were developed for the
general population, and four were designed for specific
populations. Chatbots designed for specific audiences
had a preventive role (25, 36, 38, 39). Governments, large
corporations (such as IBM and Amazon), and international
organizations (such as WHO) produced the majority of Al
chatbots aimed at the general public. For instance, the
Indian government created CoronaGO and Arogya setu
to enhance healthcare services and assist the population
during the COVID-19 situation (7, 29).

America, Canada, Australia, and New Zealand focused
more on prevention, while India and European countries
focused more on diagnostics. Chatbots with a therapeutic
role (3 cases) were developed in the US and Canada. Seven
out of the 17 chatbots had multiple roles in health service
delivery, with 5 cases being preventive and diagnostic and
2 cases being diagnostic and therapeutic. These chatbots
were created by the US, India, Canada and Spain.

4.3. Chatbots Applications

The reviewed chatbots offered a range of services
to users. We categorized their applications into
eight groups (Table 3), which include (1) information
dissemination and education, (2) self-assessment and
screening, (3) connecting to health centers, (4) combating
misinformation and fake news, (5) patient tracking
and providing services, (6) mental health, (7) exposure
monitoring, and (8) vaccine information and scheduling.

4.3.1. Information Dissemination and Education

The most common application of Al chatbots was
disseminating information and providing education
related to COVID-19 (13 cases) (7, 25, 27, 29, 30, 33-40). These
chatbots provide various information, such as symptoms,
disease diagnosis, disease stages, virus transmission, and
the availability of healthcare services and how to access
them. They also offer training on preventive practices,
such as hand hygiene and wearing face masks.

4.3.2. Self-assessment and Screening

Nine Al chatbots were used for triaging and assessing
users during the COVID-19 pandemic (7, 26, 28, 30, 31, 33,
34, 36, 40). These chatbots ask a series of questions to
evaluate the likelihood of COVID-19 infection without
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Table 2. Chatbots Characteristics

Country and Chatbot Name Year language * Audience ChatbotRole (s)©
USA

Alexa (33) 2022 Single General Preventive, diagnostic

CovidBot (36) 2021 Single Older people Preventive, diagnostic

Watson Assistant (27) 2021 Multi-language General Preventive
India

Woebot (32) 2021 Bilingual General Therapeutic

Arogya setu (7) 2020 Multi-language General Diagnostic, therapeutic

CoronaGO (29) 2021 Single General Preventive

COVIBOT (31) 2020 Multi-language General Diagnostic, therapeutic

WashKaro (30) 2022 Bilingual General Preventive, diagnostic
Canada

Chloe (34) 2021 Bilingual General Preventive, diagnostic

MIRA (38) 2022 Single Health care providers Preventive
Australia

Cory COVID-Bot (35) 2022 Bilingual General Preventive
Austria

Symptoma (26) 2020 Multi-language General Diagnostic
Germany

Ada Health (28) 2020 Single General Diagnostic
HongKong

Vac Chat, Fact Check (39) 2022 Single Young people Preventive
NewZealand

Aroha (25) 2022 Single Young people Preventive
Spain

SanlA (40) 2021 Single General Preventive, diagnostic
UAE

VWise (37) 2022 Single General Preventive

? Language column shows the number of languages that were supported by a chatbot. We categorized them into three groups: Single (one language), bilingual (two
languages), and multi-language (more than two languages).

® This column indicates the target audience for chatbots, including the general population and specific population (Young people, older people, and health care
providers).

¢ This column indicates the chatbot’s role(s) in healthcare provision. According to the study by Jovanovic et al. (41), We classified The Al chatbots based on the chatbot
role in healthcare provision into 3 groups: Preventive (user awareness and education), diagnostic (diagnosis support and checking user’s symptoms), and therapeutic
(supported and assisted to therapeutic services). Some chatbots play multiple roles.

the need to visit medical centers. Self-screening chatbots  4.3.3. Connecting to Health Centers

assess COVID-19 symptoms based on guidelines from Eight chatbots enabled users to communicate with

governments and approved sources (e.g., CDC or WHO) health centers and healthcare providers (7, 28, 29, 31, 35,
and provide recommendations if necessary. For instance, 36, 38, 40)

Symptoma collects data on disease symptoms, age, and
gender to determine the likelihood of COVID-19 infection.
According to a study, Symptoma properly identified
COVID-19 users in 96.32% of cases (26).

Some chatbots, in addition to evaluating
and triaging individuals, could identify the user’s location
using GPS technology. They provide information about the
nearest health centers and assist in making appointments
for further investigations (7, 36). Some Al chatbots
allow online communication with doctors and healthcare
centers, enabling users to benefit from remote diagnostic

Shiraz E-Med ]. 2023; 24(11):e139627. 5
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Table 3. The Applications of Artificial Intelligence (AI) Chatbots

Chatbot Chatbot Role

Chatbot Application

Name

Preventive Diagnostic Therapeutic Information Self-assessment Exposure Patient combating Mental Vaccination Connecting
Dissemination and Monitoring Tracking and Misinformation Health Information to Health
Screening Service and Fake and Care Center
Delivery News Scheduling
Arogya setu v v v v v v v
™)
Alexa (33) v v v v v v v
Symptoma Vv Vv
(26)
CovidBot (36) i V4 v v v v
Aroha (25) v v v v
Chloe (34) Vv v v Vv Vv v
VWise (37) Vv Vv Vv Vv
CoronaGO VA Vv v v Vv
(29)
Cory v v v v v v
COVID-Bot
(35)
CoviBoT(31) J v v Y g
MIRA (38) v va v v
Vac Chat, Fact v Vv VA v
Check (39)
Watson Vv Vv
Assistant (27)
WashKaro v Vv Vv VA v
(30)
‘Woebot (32) 4 v
Ada Health Vv v Vv
(28)
SanlA (40) Vv v Vv v Vv v
N (%)= 12(70.58%) 9(52.94%) 3(17.64%) 13(76.42%) 9(52.94%) 4(23.53%) 5(29.41%) 7(4117%) 5(29.41%) 3(17.64%) 8(47.05%)

and consulting services (7, 28). For instance, SanlA,
developed in Spain, created a secure communication
channel between the citizen and the health system during
the COVID-19 outbreak. It provides round-the-clock patient
advice, including psychological assessments (40).

4.3.4. Combating Misinformation and Fake News

Seven out of 17 Al chatbots were able to combat
misinformation and fake news about COVID-19 (30,
3337, 39). These chatbots provide users with reliable
and accurate information, such as up-to-date statistical
information, best practices, and health protocols (33, 36).
They monitor and identify misinformation and rumors
about COVID-19 and prevent its further spread by alerting
users.

4.3.5. Patient Tracking and Service Delivery

In 5 cases of Al chatbots, it was possible to provide
remote care services to people with COVID-19 (7, 25, 29, 31,
34). These chatbots were able to continuously and daily
track the patient’s physical conditions and vital signs.
They also answer patients’ questions round-the-clock
during mandated self-isolation periods and, if necessary,

help communicate with healthcare centers and receive
advice and remote care services (31, 34). For example,
COVIBOT helps patients take proper medication and
provides remote consultation (31).

4.3.6. Mental Health

Supporting people’s mental health during the
pandemic and providing necessary services was another
application of Al chatbots (5 cases) (25, 32, 35, 38, 40).
Mental and emotional problems such as stress, anxiety,
and depression were prevalent during the COVID-19
pandemic. Five Al chatbots were able to monitor and
support people’s mental health during the pandemic.
By providing various mental health services to users,
especially patients in home quarantine, these chatbots
help reduce the psychological effects of COVID-19, such
as anxiety, distress, and depression. For example, Aroha
was an Al chatbot that provided services related to
the management of anxiety and depression caused by
COVID-19 to New Zealand citizens (25).

4.3.7. Exposure Monitoring
Four chatbots were deployed to monitor exposure to
the coronavirus and provide notifications (7, 29, 33, 35).
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These chatbots provide alerts and necessary information
to users by assessing the status of disease spread, as
well as identifying high-risk and infected locations. For
instance, based on GPS and Bluetooth technology, Arogya
Setu attempts to assess risk based on the user’s location.
Additionally, it informs the user if they are close to a
patient with Covid-19 (7).

4.3.8. Vaccine Information and Scheduling

Three chatbots were designed to provide services
about COVID-19 vaccines (33,37,39). These chatbots provide
accurate and up-to-date information about COVID-19
vaccines and inform users about their advantages.
Additionally, they provide information about vaccination
centers and support users in making appointments for
vaccination. These chatbots help reduce vaccine hesitancy
and increase vaccination rates. For example, VWise is a free
text-based Al chatbot that guides and informs the public
about COVID-19 vaccination in the Eastern Mediterranean
Region (EMR) (37).

More than 80% of chatbots had multiple applications.
The combination of categorized applications with the
highest frequency included information dissemination
and education combined with combating misinformation
and fake news (7 cases), information dissemination and
education combined with self-assessment and screening
(6 cases), information dissemination and education
combined with connecting to health centers (6 cases), and
self-assessment and screening combined with connecting
to health centers (5 cases). In comparing the performance
of the identified chatbots across several applications, it
becomes clear that their various capabilities contribute
significantly to health society satisfaction. Chatbots
specializing in information dissemination and education,
such as Cory COVID-Bot, CoronaGO, and Chloe, provide
timely and accurate information, enhancing public
awareness and subsequently fostering satisfaction within
the health society. Additionally, chatbots such as SanIA
facilitating connection to health centers not only bridge
the gap between users and healthcare providers but also
streamline access to vital services, positively impacting
satisfaction levels. The ability of certain chatbots, such
as Woebot and Aroha, to offer mental health support
during the pandemic addresses a critical aspect of overall
well-being, contributing to heightened satisfaction
within the health society. The Arogya setu, Alexa, and
Cory COVID-Bot had the most applications compared
to other chatbots. The multi-functional capabilities of
chatbots like Arogya Setu, Alexa, and Cory COVID-Bot,
which offer a range of services, resonant with different
user requirements and preferences and raise levels of
satisfaction. In contrast, Symptoma and Woebot had only
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one-use case and were used to check covid-19 symptoms
and support mental health, respectively.

4.4. Chatbots Design Characteristics

As shown in Figure 2, the reviewed Al chatbots differed
in terms of design features, including platforms, Al
techniques, and user chatbot interaction design, which are
discussed below.

4.4.1. Chatbot Platforms

The AI chatbots were deployed on various platforms.
Nine chatbots were mobile applications that could be
installed on smartphones (Android or I0S) (7, 27,30-34, 36,
40). Six chatbots were web-based and accessible through
various devices such as computers, tablets, and mobile
devices (25,26, 28,29,38,39). Three chatbots were deployed
on social media platforms, including Facebook (2 cases)
and Telegram (1 case) (25, 35, 37). One of the chatbots was
deployed on both a web-based platform and Facebook (25).

4.4.2. Al Techniques

According to our objectives, all of the reviewed
chatbots were based on artificial intelligence. MIRA and
Vac Chat Fact Check chatbots were hybrid types that
used rule-based and artificial intelligence methods (38,
39). All of the AI chatbots utilized Natural Language
Understanding (NLU), a subset of Natural Language
Processing (NLP), to understand user input and provide
appropriate responses conversationally. For instance,
WashKaro and Chloe employed LSTM and BERT methods
to understand free-text input (30, 34). One of the chatbots
used Artificial Intelligence Markup Language (AIML), an
Extensible Markup Language (XML) based method, to
understand user input (7). Some chatbots (6 cases) used
machine learning methods such as decision trees and
deep learning. NLU platforms, such as Google Dialogflow
(3 cases), Rasa framework (3 cases), and IBM Watson
(3 cases), were employed by more than 50% of the Al
chatbots (9 cases). NLU platforms are prebuilt NLU models
that are used for developing Al chatbots (42).

4.4.3. User-Chatbot Interaction Design

Al chatbots employ various user-chatbot interaction
designs. In terms of input format, 13 chatbots were
text-based, 1 was voice-based, and 3 cases offered both
text and voice options. Among the 16 text-based chatbots,
13 allowed free-text input, while 3 used predefined
and controlled text input. In terms of output format,
8 chatbots were capable of providing information in
multimedia formats, including text, audio, images, and
videos. Five cases were text-based, and four cases included



MahdaviAet al.

(=1 mop3oreid

Al

Chatbots

MobileAPP(

* Features of the chatbot's design are shown in the inner circle. The number of chatbots i each design feature’s subcategory is indicated
by the value in parentheses in the outer circle.

** Nine of the 17 chatbots used NLU platforms.

Figure 2. Artificial intelligence (Al) chatbot design characteristics

both text and audio output. In terms of dialog style, 9
chatbots were designed to be user-initiated, where the
user initiates the conversation, and the chatbot responds
to the user’s queries related to COVID-19. This dialog
style was commonly used in most preventive chatbots (9
cases). In 5 cases, the chatbots were initiators, and the user
had to respond to the chatbot’s questions regarding
demographic data, medical history, and COVID-19
symptoms. For example, Ada Health is a mobile-based

diagnostic chatbot that asks users a series of questions for
screening purposes (28).

Considering the high accessibility of smartphones,
mobile applications such as Arogya Setu, Alexa, and
CovidBot cater to different user preferences and
accessibility, potentially increasing their access to health

services and positively influencing satisfaction across
diverse demographics. In terms of input/output format,
CovidBot, COVIBOT, and Watson Assistant chatbots are text
and voice-based. This possibility makes it easier for users,
especially the elderly, to use the chatbot and thus increase
their satisfaction (31, 36). Chatbots with free-text input
capability, such as Cory COVID-Bot, provide more freedom
of action for the user compared to chatbots with input
control (35). Symptoma and Mira are more flexible than
other chatbots with fixed and free text input (26, 38).

5. Discussion

In this scoping review, we investigated 17 Al chatbots
related to the COVID-19 pandemic. The majority of chatbots

Shiraz E-Med ]. 2023; 24(11):e139627.
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spoke in English when interacting with users; other
languages, such as German, Chinese, and French, were
less frequently used. This is consistent with the fact that
the United States, followed by India and Canada, had the
greatest proportion of chatbot development. Chatbots
created in India were often multilingual. This is due to the
language diversity in the country (7, 29, 31). The majority
of the chatbots were designed for the general population
and were less targeted to specific groups. This generality
can be attributed to the fact that COVID-19 is not limited to
a specific group and has affected the general population
(1). However, based on the features of Al chatbots, this
novel technology can be useful in providing better health
services to high-risk groups such as elderly people.

Our review identified the eight most common use
cases of AI chatbots during the COVID-19 pandemic.
Enhancing public awareness about COVID-19 has a
significant effect on reducing and preventing the spread
of the disease (43). More than 75% of chatbots had
the task of disseminating information and educating
users about COVID-19. These chatbots answered users’
questions round-the-clock and provided them with
necessary information. Lack of readily available,
accurate information from reliable sources during
the COVID-19 outbreak led to the rapid spread of rumors
and false information (30, 44). Some Al chatbots were
created to address this issue by delivering trustworthy
information and spotting rumors and false news (33,
36). Dissemination of up-to-date, reliable, correct,
and high-quality information can greatly enhance the
usefulness of chatbots. Information and findings related
to COVID-19 are rapidly evolving, so the information
provided by chatbots must be continuously updated and
validated.

Given the importance of early identification of people
with COVID-19 (45), some chatbots were developed for
the assessment and triage of individuals. These chatbots
were often created by governments and organizations
such as WHO and CDC to screen people in the community.
They usually assess the user’s risk of contracting COVID-19
based on common diagnostic guidelines and employ
machine learning techniques. Using these chatbots has
many benefits, including reducing unnecessary visits
to healthcare centers, promoting social distancing,
optimizing the use of health resources, preventing
virus transmission, and enabling early identification of
patients. However, the diagnostic accuracy of chatbots in
COVID-19 diagnosis remains one of the main challenges.
Munsch and colleagues have shown that chatbots exhibit
different sensitivity and specificity in relation to the
diagnosis of COVID-19 (46). Therefore, the diagnostic
performance of chatbots must be evaluated.
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Providing care services to patients who are in home
quarantine and continuously monitoring their physical
and mental condition is important for better management
of COVID-19 (47). Some chatbots were designed to support
COVID-19 patients. These chatbots provide telemonitoring
and care services and allow users to communicate online
with healthcare providers and medical centers (28). This
can improve the quality of care services, enhance patient
safety, and reduce violations of home quarantine.

COVID-19 vaccines play an effective role in reducing
the mortality rate and the spread of the virus. However,
rumors about the side effects of the vaccines and vaccine
hesitancy pose significant challenges (46). According to
the WHO, vaccine hesitancy is considered one of the 10
major threats to public health (39). Some chatbots are
developed to provide services about the COVID-19 vaccine,
such as answering user’s questions. These chatbots can be
effective in reducing vaccine hesitancy and encouraging
people to get vaccinated.

While AI chatbots have the potential to improve
healthcare services during the pandemic, Using Al
chatbots to help combat the prevalence of COVID-19
presented several main challenges (25, 28, 33, 34).
These challenges include ensuring the accuracy of
the information, accessibility, and equitable access,
language barriers, handling a high volume of queries,
integration with healthcare systems, privacy and data
concerns, user trust, monitoring and evaluation of
the chatbot’s performance, ongoing maintenance and
updates, and user education. Addressing these challenges
requires collaboration among Al developers, healthcare
professionals, and public health agencies to develop
effective solutions.

Al chatbots were also examined from technical
aspects. On a variety of platforms, including mobile, web,
and social media, Al chatbots have been implemented.
The majority of chatbots were mobile-based (7, 27, 30-34,
36, 40). This can be due to the popularity of smartphones
and easy access to this technology. NLU component is
an essential part of every Al chatbot (42). Therefore,
all chatbots use NLU techniques to comprehend user
input in natural language and respond to their requests.
Because it takes NLP skills to create an NLU from scratch,
chatbot developers typically employ NLU platforms
(42). Numerous NLU platforms have recently been made
available as pre-built NLU components for chatbots.
Google DialogFlow, Rasa, IBM Watson, and Microsoft
LUIS platforms are the four most common platforms for
creating chatbots (42). In 52% of the reviewed Al chatbots,
the Rasa framework, IBM Watson, and Google DialogFlow
platforms were used. Despite the advantages of using NLU
platforms, each platform has its features and limitations
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that should be considered when developing a chatbot
(42).

User-chatbot interaction design is an important factor
in chatbot efficiency (48). Therefore, we investigated
the conversational style of chatbots. The input type in
most chatbots was text. In more than 80% of these
chatbots, the user can use free text input and have a
natural language conversation. Al chatbots use various
NLP or NLU techniques to process and understand user
requests. Therefore, the user can enter his request in
the chatbot in natural language and in the form of free
text. However, the results of a study have shown that
most of the chatbots were not free text, and the user
could only choose from predetermined and controlled
options (23). This may be due to most of the reviewed
chatbots being rule-based. Some chatbots were based
on voice input in addition to text. These chatbots used
different voice recognition techniques to understand the
input information. For example, three chatbots used voice
recognition technology from IBM (18, 19) and Amazon
(24). The possibility of user interaction in the form of
free text or voice can improve the usability of chatbots
and increase ease of use, especially for older adults and
disabled people. However, misunderstanding of user
requests and language limitations are major issues in
these chatbots. The output format of most chatbots was
text, but other formats, such as audio, medical catalogs,
and educational videos, were also used. Using different
and appropriate output formats can help facilitate better
and more effective user chatbot conversations, especially
in educational and informational chatbots. CoronaGO
is an example of these chatbots that provide necessary
training related to self-care against COVID-19 to users
in multimedia formats (29). The chatbot’s ability to
understand user emotions is important, especially in
mental health chatbots. With the advancements in
artificial intelligence, it is envisaged that Al chatbots will
be able to improve the social and emotional aspects of the
conversation.

5.1. Conclusions

In conclusion, our scoping review identified eight
common application categories of Al chatbots related
to COVID-19. Most of the developed chatbots have a
preventive role and are commonly utilized for information
dissemination, education, and self-assessment. While Al
chatbots have the potential to improve healthcare access
and quality by providing personalized, accessible, and
timely supportand information to patients, it isimportant
to acknowledge the potential limitations and challenges
associated with their use. Further research is needed to
investigate the usability and effectiveness of Al chatbots
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in different healthcare areas, including their impact on
clinical outcomes and user experience. More than half
of the AI chatbots were designed based on widely used
NLU platforms. Because this method makes chatbot
development easier and frees developers from having to
deal with technological concerns, using NLU platforms can
be advantageous for the development of Al chatbots in the
healthcare industry.

Overall, while Al chatbots offer a promising approach
to improving healthcare services, further research is
needed to understand their benefits and limitations
in more depth. With advancements in Al, it appears
that Al chatbots such as ChatGPT can mark a bright
future in the healthcare domain. However, their efficacy
and effectiveness need to be evaluated through rigorous
research.
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