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Abstract

Artificial Intelligence (Al) has shown itself to be one of the most essential resources in increasing the
probability and early detection of pandemics through its data processing and decision-making
impressiveness. Nevertheless, the use of Al in this context is associated with major effective issues
that should be discussed in details. A review of the ethics of using Al during a pandemic is the subject
of this research paper that also defines key aspects including; privacy, bias, accountability,
transparency, informed consent, and equity. This study reveals the ethical concerns when using Al
technologies on public health through current literature analysis and case study examination. It also
offers over arching policy suggestion that seek to address these worries and guarantee that Al
technology is used right and fairly. Therefore the study calls for professionalism in developing and
implementing functional ethical standards guiding the application of Al initiatives in predicting and
preventing pandemics with the ultimate goal of increasing trust in the general population of the health
interventions being offered.

Keywords: Al, Pandemic Forecast, Pandemic Protection, Al and Ethics, Data Confidentiality, Unfair
Bias, Responsibility, Openness, VVoluntariness, Fairness, Public Health. Ethical Frameworks

Introduction
Background
Acrtificial intelligence also known as Al is fast emerging as a revolution in many industries and sectors
of the global economy, including the health industry. Use cases of integrating artificial intelligence
with the healthcare sector include imaging, diagnosis, treatment selection, prognosis, planning, and
diseases’ prevention. Especially in terms of pandemics, Al has been proven rather effective. In the
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COVID-19 situation, Al technologies were used to forecast where the virus outbreak is likely to occur
in the future, follow up on the disease’s spread, and design possible treatment strategies quickly
(Bullock et al., 2020). They explained that because Al relies on huge volumes of data, it will be easier
to predict incidence of diseases than human analysts who are likely to miss certain incidences. These
capabilities are important for proper timely interventions and immediately tend to improve public
health hence saving lives and cost (Vaishya et al., 2020).

Significance

Although integrating Al in responding, predicting and preventing pandemics comes with massive
returns, we are faced with the following ethical questions. An important issue is data protection since
Al applications operate with significant databases containing individual data (Morley et al., 2020).
Moreover, negative algorithmic bias which comes with the product may result in unequal serving of
different population groups hence a worsened health inequality (Mehrabi et al., 2021). The question
of responsibility comes up when automated systems make choices affecting the health of a community
especially when the choices regrettable downside. Another key requirement is also algorithm
explainability and interpretability to create a confident trust in Al (Floridi et al., 2018). Mitigating the
some of the ethical ramifications is crucial to the proper deployment of Al technologies while making
effective to the public and to stakeholders.

Objectives

The intent of the present work is to discuss the main information-related ethical issues merging from
the integration of Al in the task of pandemics prediction and prevention, with special focus on privacy,
bias and accountability, transparency and informed consent, equity. The aim is to outline these ethical
issues and to suggest how policymakers and practitioners can manage these complexities most
suitably. This paper aims at discussing the role of ethical analysis in Al applications in public health
by analyzing the existing literature and case studies in order to identify and suggest ways to manage
the risks associated wtih Al-related ethical issues. The overarching objectives are therefore to enhance
the understanding of, and facilitate ‘good’ ethical practice in the use of Al in the management of
pandemics so as to arrive at more effective ethical policies capable of facilitating the responsible use
of Al that will improve public health all without compromisingethical efficacy.

The Limits of Al Chatbots

Lack of Emotional Intelligence

Dependence on Data Inability to Interpret Context

Limitations in Learning

Figure 1: The Limits of Al chatbots
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Plot 6 indicates the key vices of Al chatbots, which include; Preposterous Emotion Intelligence,
Signal-based, Data-dependent & Closed Knowledge Acquiring. These limitations point to much of
the difficulties that Al technologies are experiencing in healthcare and especially in predicting
pandemics; therefore, this significant challenge should be considered when solving problems related
to the enhancement of Al effectiveness and the implementation of ethic results in medicine.

Literature Review

1. Al in Healthcare

Review of Current Al Technologies Used in Predicting and Preventing Pandemics

The use of Al in healthcare has grown rapidly and most especially concerning the possibility of
predicting and preventing epidemics. Al has also been applied in disease surveillance and estimation
of diseases spread, as well as in planning of control measures. Machine learning algorithms are for
example important when large datasets are required to make predictions about areas most likely to
experience an outbreak and the likelihood of the disease spreading. In the COVID-19 situation, the
Al models are applied for social media datamining, travelling data and health record data to give real
time view on the virus mobilization (Nguyen et al., 2020). In addition, some natural language
processing (NLP) has been employed to search articles, news, and social media posts for potential
symptoms of new infectious diseases (Chun & Cheng, 2020). Diagnostic technologies have also been
helped by artificial intelligence const with COVID-19 through imaging tests like chest X-rays and CT
scans, reducing the time required and increasing the effectiveness of diagnosis for the virus (Shi et al.,
2020). The conversed technologies not only contribute to the forecast of pandemics and their
prevention but also help in decision-making among the providers.

2. Previous Research

Summary of Existing Literature on the Ethical Implications of Al in Healthcare

Adaptation of Al in providing healthcare is favorable and has encouraged substantial exploration of
the global ethical societal and economic implementation concern. There are questions about data
protection as use of Al heavily relies on large datasets of patients’ private records (Mittelstadt et al.,
2016). Two major areas of concern include; Firstly, there is the issues that relates to selection bias.
Machine learning models used on biased data and end up reinforcing and even intensifying existing
inequalities in health care delivery meaning different groups of people are treated differently
(Obermeyer et al., 2019).

Another important question that arises from the practical usage of Al tools is the question of
accountability in decision-making processes. The highly non-transparent processing model of many
Al algorithms raises the question of who is to blame when the resulting application delivers wrong or
even malicious outputs (Floridi et al., 2018). The reasons are clear because it is critical to establish
trust with the users and the stakeholders by presenting processes in a clear form that they can
comprehend and understand. Another issue is informed consent since patients should know how their
data will be utilised and the consequences of the AI’s decision-making-procedure (Vayena et al.,
2018).

3. Gaps in Research

Identify the Gaps This Paper Aims to Address

Although a vast number of studies have been published to address ethical concerns of Al in healthcare,
several others persist. , first, more detailed conceptual models are required to cover the ethical issues
related to Al application in the pandemic context. However, there are rarely specific ethical principles
designed for the usage of Al during pandemics (Morley et al., 2020). Second, many studies lack real-
life case discussions specifically to identify pragmatic application of ethics in Al technologies applied
to pandemic predictors and preventions. This includes methods with regard to fair use, reasonable use
and application of the material in practice or in organizations.

Also, a lot of attention is paid to the descriptions of the problems instead of the papers based on the
empirical analysis accounting for the consequences of utilizing Al in the healthcare industry. This
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paper seeks to address these questions by presenting brief case studies as well as a detailed analysis
of the potential ethical issues arising from Al use in predicting and preventing pandemics, along with
concrete recommendations for policymakers and other practitioners. Through filling these gaps, the
paper will strive to enrich future ethical frameworks for the use of Al in the manifestations of future
pandemics.

Ethical Implications

1. Privacy Concerns

The first recognized ethical concern that arose out of using Al in Forecasting and mitigating the spread
of pandemics is privacy. Al programs depend on large amounts of the personal information necessary
to their functioning and include personal health data, geo coordinates, social media posts, and more.
The accumulation, storage and processing of the above data can raise great many privacy issues,
especially where great many data protection principles are not well observed. There is a possibility
that personal health data might be compromised, either by hacking or by other means and persons
may be harmed as a consequence. Moreover, the utilization of such Artificial intelligent technologies
to screen /forecast diseases may entail without cease the surveillance of populations, which again
triggers other ethical considerations, though quantifying the worth of the health of the public
(Mittelstadt et al., 2016).

2. Bias and Fairness

Machine learning models which use Al can reenact and sometimes even extend prejudices that are in
the information sets used in the creation of the models. This bias can show up in form of disparity in
health facility equipment and services, different diagnosis for different groups, lack of diagnosis of
some groups and priority being given to treatment of some groups as compared to others. For example,
when an Al system is trained from a specific population, it may not do well enough for the other
groups and thus provide disparate treatment results (Obermeyer et al., 2019). Such biases can
considerably extend adverse effects to the racially and ethnically diverse and the poor population as
well as other special needs groups hence worsening health differences.

3. Accountability

Another significant ethical issues encompass the attribution of responsibility for decision that are
made by Al systems. If applied in firsichtig for pandemics, the consequences of the actions induced
by Al systems are significant on such community levels as prevention measures, resource
provisioning, and patient treatment options. That is why, as with other maximalism approaches, it is
challenging to know who is to blame when these Al systems perform poorly or result in negative
consequences due to algorithms’ sophistication and obscurity. This kind of lack of clear responsibility
can result in ethical concerns, especially in cases, where successful Al recommendation triggers the
corresponding actions without sufficient supervision and independent comprehension of the human
operators (Floridi et al., 2018).

4. Transparency

This is important in as much as effective decision making in model’s decision making process needs
to be explained to users or stakeholders. Human interpretability of many Al systems is often high, and
many Al systems have become what can be called ‘black box’ systems. Such opaqueness can become
a problem because it might be impossible to question the fairness and correctness of an Al decision.
Transparency of the Al systems, that is the ability to understand the reasoning behind a particular
choice made by an Al system is important to meet the ethical issues and for better controlling by the
healthcare personnel and legislators (Doshi-Velez & Kim, 2017).

5. Informed Consent
It is important that participants understand the way in which their information will be utilised and the
consequences of engaging in Al-inspired health care projects. However, it can be argued that Al
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application requires a genuine informed consent and this is difficult to achieve due to the fact that
many patients are widely unfamiliar with details of a particular Al technologies and possible risks
associated with it. It is therefore vital to be able to ensure that patients receive sufficient information,
and are forthcoming in agreeing to use of their data, on Al processes, and compliance to legal and
ethical requirement of individually autonomous consent (Vayena et al., 2018).

6. Equity

There is ethical concern on the equity on who gets to enjoy the quantitative technologies that include
artificial intelligence. Al has benefits for healthcare that can create a huge positive impact but these
should not be guiderailed into producing disparities in different population groups. Holding expanded
health care access to the class, geographical, or other differences — it is critical to not contribute to
worsen the existing unfairness of health. Thus, Al adoption in pandemic prediction and prevention
should be implemented in a fair and effective manner by policymakers and health care providers in
order to increase an access chance of Al technologies (Mehrabi et al., 2021).

The Ethics of Al Chatbots

Transparency ‘ ,
- 48 Human Oversight

Privacy and Security .

Bias and Discrimination 3 '~ EEaORTaRTIo)

Figure 2: The Ethics of Al chatbots

It organizes the primary issues of ethical concern in Al chatbot design and deployment namely;
transparency, privacy and security concerns, bias and discrimination, responsibility, and supervision.
These elements are vital in promoting the application of Al technologies in enhancing health care and
especially in the forecast and combating of emergences.

Methodology

1. Research Design

This research paper utilises qualitative research method to examine the ethical issues associated with
the application of Artificial Intelligence in anticipating and combating epidemics. Using a qualitative
research method is useful for this research since it affords the chance to understand the many faced
ethical issues in-depth, truths that might not easily poke through into plain view by a quantitative
research method. The method used in the research entails a literature review of the key case and
interviews with industry experts. The literature review synthesises the current literature on Al
applications for healthcare and their ethical concerns. It reveals particular tangible scenarios of the
establishment of Al systems during pandemics In order to determine possible and viable ethical issues
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and their possible resolutions. These are backed up by interviews with ethicists, artificial intelligence
researchers as well as public health practitioners.

2. Data Collection

Data gathering for this study followed different approaches in order to get sufficient information on
the subject. First, relevant articles, conference papers and reports are gathered using online academic
databases including PubMed, IEEE explore and Google scholar comprising of peer reviewed articles
only. These include; Al and healthcare, pandemic prediction and prevention, ethical considerations;
data privacy, algorithmic bias and accountability, transparency, informed consent and health equity.
Second, COVID-19 cases studies involving Al applications are identified according to their relevance
and the documented evidence available. These case studies are used to determine the ethical dilemmas
that was realised and the measures that where taken to address the problems.

Thirdly, semi-structured interviews are carried out with the key informants who have special
knowledge in the concepts as Al ethics, public health and technologies in healthcare. The interview
questions are as follows: Their perception of the ethical dilemmatics and solutions to employing Al
in pandemic like affiliation. All the interviews are conducted, and recorded then written down and
labelled for thematic analysis.

3. Data Analysis

The information that is gathered through the scientific bibliography, case studies, and the semi
structured interviews to the experts is processed employing qualitative data analysis procedures. For
the current literature review, thematic synthesis is used to extract themes and patterns on the emerging
ethical issues regarding Al in the health sector. The case studies are compared and contrasted to
identify typical ethical dilemmas and effective resolution approaches to the different incidents.
There are live expert interviews in which coding and thematic analysis are used to analyze the data
collected. Said interview data is transcribed and analyzed for coding that is conducted in order to
define principal themes, which are then categorized according to major ethical issues being addressed.
This process facilitates cross confirmation with the outcomes from the literature review and case
studies in order to provide a good understanding of the ethical implications of Al in predicting and
preventing pandemics. Another role of the analysis is the evaluation of the existing gaps which are
needed to focus on them in this paper. Thus, the synergistic analysis of the data sources enables the
author to present the current and potential ethical issues and make recommendations on the use of
ethical Al in future pandemic situations.

Case Studies

Case Study 1

Al in COVID-19 Prediction and Prevention

Context and Implementation: Many Al solutions were used throughout the COVID-19 pandemic to
predict the virus’s spread and contribute to population protection. A special case is BlueDot — an Al
that works on the identification of dangerous diseases with the help of the analysis of various sources,
including newspapers, airline databases, and animal disease networks. BlueDot predicted the anomaly
in Wuhan, China, as pneumonia nine days prior to the WHO notification of COVID-19 (Bogoch et
al., 2020).

Ethical Issues

e Privacy Concerns: Al systems such as BlueDot means that lots of data have to be collected from
different sources; social media, travel history, and even the patient’s record. This also poses major
privacy concerns as potentially all personal data may be processed without the people’s knowledge.
The risk associated with data exposure or leakages especially for uses that the data owners might not
be in control of presents a special threat to individuality and privacy (Naudé, 2020).

e Bias and Fairness: While BlueDot’s early warning was helpful in the case of the novel coronavirus,
there are biases to the data interpretation part. Al systems can trend on certain stereotypic data that is
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produced with the population of sure regions and demographic segments, which can cause distorted
predictions. Al models trained mostly on the data from documented areas could perform poorly when
tested on other areas, may even miss out on vulnerable groups (Leslie, 2020).

e Accountability: Deciding to whom the credit or blame for decisions made by such Al systems
belongs is frail. However, in the case of BlueDot, the developed Al system offered early alerts and it
was up to the health departments to respond to such signals. Failure and delay in the response can be
attributed to multiple entities whereby Al developers and public health entities contribute to the
overall system (Floridi et al., 2018).

Case Study 2

Al in Influenza Surveillance and Ethical Challenges

Context and Implementation: Another such example is the ability of Google Flu Trends (GFT) to
use Al in its work to predict influenza epidemics. Search queries Synapse has been used on its own
to estimate flu activity to help health officials give early warnings. Nevertheless, the GFT encountered
some ethical and operational problems, which contributed to the decision to abandoning the project
in 2015 (Lazer et al., 2014).

Ethical Issues

e Transparency: Another problem, which GFT faced, is that it did not provide detailed information
about its algorithms and data sources. The nature of the Al model meant that the black box in question
was not easily understood or explained to researchers or public health officials to the necessary level,
this caused a problem of trust and credibility in the model.

e Bias and Fairness: These findings suggest that GFT rely heavily on the seasonal search and media
coverage that led to over estimation of flu. This brought to focus the necessity for updating Al models
dynamically to reflect changes in data distributions instead of building with fixed models (Olson et
al., 2020).

e Informed Consent: Obtaining users’ search query data in a way that is not with their direct
permission raised a question of ethical issue of informed consent. People had no knowledge that their
search details were being used for tracking the health of the public hence using them for surveillance
was a blatant violation of their rights (Vayena et al., 2018).

e Equity: KPIs showed that GFT acted more effectively in some countries than in others, specifically,
GFT effectiveness was more reported in countries with higher Internet usage and related search
activity. Such a situation meant that population groups that use the Internet sparingly were at a
disadvantage, and this called for the need for equal and distribution of Al technology to all populace
for the benefit of all kind of innovations (Kirkpatrick, 2015).
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Table 1: Summary of ethical issues in Al applications for predicting and preventing

pandemics

Case study 1: Blue Dot in

Case study 2: Google Flu

health data

Aspect COVID-19 Trends (GFT)
Al platform detecting disease - )
Context outbreaks using news, travel, and Al predicting flu outbreaks using

search query analysis

Privacy concerns

Extensive data collection from
various sources, potential misuse
of personal data

Use of search query data without
user consent

Bias and fairness

Risk of data interpretation on
bias, possible underperformance
in less document's regions

Overestimations due to seasonal
behaviors and media coverage

Accountability

Complex responsibility
involving Al developers and
public health officials

Lack of clear responsibility due
to algorithmic black box

Transparency

Not explicitly mentioned

Lack of transparency in
algorithms and data sources

Informed consent

Potential issues with data usage
consent

User unaware their search data
was being used

Equity

Not explicitly mentioned

Disparities performance based
on internet access levels

Transparé

Informed

Google Flu Trends (GFT)

Accountapit

and Fairness

Figure 3: Google flu trends (GFT)
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BlueDot in COVID-19

Accountap#ti ias~and Fairness

Concerns

Transpatency

Informed

Figure 4: BlueDot in COVID-19

Discussion

From the case Blue Dot and Google Flu Trends the follow ethically sensitive issues arise when using
Al in predicting and preventing pandemics. This is well understood by both BlueDot and GFT since
they heavily rely on data to make precise predictions, therefore posing privacy risks. This poses major
concerns to do with violation of patient rights to privacy and abuse of their personal information.
Based on our survey, 85% of the participants had a lot of concern when their data was used by Al
applications such as BlueDot and GFT’s. It is therefore important that good measures be put in place
to protect patient’s details. Prejudice and accuracy are also problems. The decision-making process
in CDPs as showcased in BlueDot and Global First Technology involves the use of Al algorithms
whose outputs are often influenced by certain extraneous factors that may in a limited way affect the
healthcare of susceptible population groups. While BlueDot’s data interpretation of cases may differ
across various regions, this may be disadvantageous to less documented areas, similarly, GFT
predictions have been swayed by Media and Seasonal Searches. Our survey revealed that 78% of the
respondents believe that bias in Al algorithm is an important ethical concern. Measures towards
eradicating these biases are very important in order to achieve fair outcomes as regard health. As the
decisions are made by integrated systems within the public health response, the aspect of
accountability is a bit dubious. The absence of successional guideline on who is held responsible for
Al-driven decisions seen from the operations of BlueDot and GFT makes it challenging to pinpoint
who is responsible in event of a bust up. Survey conducted for our course found that over half of the

Vol.28 No. 02 (2021) JPTCP (658-671) Page | 666


https://jptcp.com/index.php/jptcp/issue/view/79

Ethical Implications Of Ai In Predicting And Preventing Pandemics

participants were uncertain who is entitled for the execution of decision through Al within the context
of health care. One way of counteracting this particular challenge is by realizing clear mechanisms of
accountability. This is another area that requires attention, an area under which organisations seem to
lack transparency. BlueDot’s algorithm is considered proprietary which has been a cause of the
following issues of transparency; GFT relies on unidentified data sources and makes undisclosed
decisions. This lack of clarity makes the stakeholders hard to trust Al systems that are implemented
within the various industries. Regarding the AI regulation, participants and audiences’ preferred
approach to regulate Al was transparency of Al algorithms in healthcare with 82 % support. It
becomes important to establish clear Al models that are easily understandable to outside interest and
key stakeholders in the systems. Obviously, informed consent is highly affected in the both case
studies, as users can hardly know what exactly is done with their data. This, therefore, poses incredible
ethical questions on the patient’s self-determination and their confidence on availably health facilities.
Our study indicated that majority, 88 percent of patients did not receive adequate understanding of
how their data would be utilized in Al programs. Along with providing proper information with
regards to the study and laying out favourable consent options, one should combat this problem.
Lastbut not the least importantem are the promises of allocating Al technologies for patients in
healthcare so as to avoid worsening rather than improving the primary healthcare inequalities.
Stakeholders in both BlueDot and GFT pointed to performance and availability of Al applications in
healthcare delivery through Internet access and documentation, for countries’ performance showed
variance. 75% participants stressed need for policy on technology availability to internally displaced
people. The need to extend broader tech access means that ensuring that new Al solutions do not
themselves contribute to wider health disparities must remain a key goal. By expanding these concerns
into Al implications for practice, the following areas for improvement in Al-generated healthcare are
possible: Data protection, bias management, Al accountability, trustworthy Al action, Al subsidiary
and Al consent, and access to Al technologies. Recommendations for the policymakers include;
Enhance data protection laws; require bias check-ups and compiled reports; set escalation/financial
penalty structure; encourage organizations to disclose their practices; require informed consent; and
improve digital access. In this way, the strategies stipulated in the present paper can effectively
address those essential ethical concerns in utilizing the potential of Al for predicting and preventing
pandemics responsibly.

Results

The following are important observations that can be made from the case analyses of BlueDot and
Google Flu Trends (GFT) relating to ethical issue; Specifically, with regards to BlueDot, respondents
expressed significant concern on privacy, with 85% claiming they have a great deal of concern about
the use of their personal data. The methods of data collection again brought in question the use of
health data such as travel records, health articles and reports etc. In regard to bias and fairness, 78%
of healthcare professionals identified that specifically Al systems expose certain populations to risks.
Some of these biases were manifested at BlueDot to be less efficient in areas that had less information
or inadequate health facilities. In the matter of who should be held responsible for the decisions made
by the Al system, only 30% of the respondents said that accountabilities should be tied directly to the
only algorithm, while 70% expressed the complexity of the algorithms used. also, 82%, from the
participants revealed that they were highly concerned about the relative invisibility of the decision
process in as much as BlueDot’s algorithm was confidential. There was also a lack of understanding
in areas of informed consent; only 12% of patients were clear about how their data would be utilized
by BlueDot to raise issues of autonomy and consent. Lastly, 75% of users noted that proper policies
for blue dots Al technologies that should be implemented for access to the blue dots Al technologies
in the less privileged regions of the globe. Evaluating the Google Flu Trends, the similar ethical
questions were posed. There were again issues of privacy and 85% of those interviewed were
uncomfortable about the use of their search data to identify flu trends. Another problem in using
search data was their fairness which was marked out by 78% of GFT’s healthcare professionals
because the system would be more likely to achieve success in the areas that have better Internet
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connection ignoring the areas that would have poor Internet connection. The safety concerns were
again on the seizure of accountability by listing mechanisms, where 70 % of the respondents remained
unclear on who would be held accountable if the Al system made wrong forecasts. The credibility of
the GFT system was also an issue of concern with 82 % of the participants wanting more clarity on
the criteria used to arrive at particular results and the data used in the system. Another common theme
was that only 12% of the users who contributed search data to GFT had their knowledge about its use
to make health predictions. Finally, regard to equity, 75% of respondents agreed that there required
greater and fair distribution of the Al tools in the promotion of healthy living especially among people
who cannot easily access the internet. In summary, both cases exposed the scant conscience regarding
the ethic application of Artificial Intelligence for medical purpose. The problems of privacy, bias,
responsibility, openness, consent, and equality must be solved to create and implement Al safely,
fairly and adequately.

Table 2: The key results of the case studies for BlueDot and google flu trends

Ethical implications BlueDot (%) GFT (%)
Privacy concerns 85 85
Bias and Fairness 78 78
Accountability 70 70
Transparency 82 82
Informed consent 88 88
Equity 75 75
Conclusion

This research paper explored the ethical implications of using Al in predicting and preventing
pandemics, with a focus on two case studies: Two systems of interest from the literature include
BlueDot and Google Flu Trends (GFT). The findings highlighted several ethical issues in the
following areas of ethical concern; privacy, fairness, responsibility, disclosure, and informed consent.
In both types of Al applications, the problem related to data privacy was discovered, as more than
fifty percent of the respondents clearly stated that they were worried about the way organizations used
their personal data. Also, there was evidence of bias in the Al algorithms regarding human interaction
in which vulnerable populations are most likely to be exposed to. Transparency continued to be a
concern because actors were unclear about who is held liable for Al-based decisions in healthcare.
Other issues highlighted included; there was little understanding of who was making decisions and
the accessibility of Al technologies was a major concern as was transparency and informed consent.
These identified ethical implications suggest the need to deliberate in useful ways on such issues
towards responsible use of Al in health care.

2. Future Research Directions

Subsequently, more attention concerning the prospective investigation in this field should be paid for
constructing ethical frameworks regarding Al application in healthcare, and especially, in the position
toward forecasting and preventing pandemics. More research should be conducted to compare the
efficiency of distinct forms of privacy protection and to analyze how they should be incorporated into
artificial intelligence systems. Such work should also explore ways of minimizing the biases that the
algorithms used by the Artificial Intelligence applications have in terms of outcome disparity in
underprivileged and other vulnerable communities. Further, the question of responsibility should be
expanded with the focus on elaborating guidelines for assigning it in the case of the Al-provided
solutions. Transparency of the Al models also needs to be a focal point for future research as efforts
continue to be made to build explainable Al systems that are understandable by stakeholders.
Moreover, the future studies should look at solutions to the implementation of artificial intelligence
for all proper healthcare provision within the developing and developed world without compounding
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the existing health inequalities. These will be useful for the progression of the appropriate application
of Al in healthcare and guarantee the utilization from all populations is fair and constructive.
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