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With the global outbreak of coronavirus disease 2019 (COVID-19), public
health has received unprecedented attention. The cultivation of emergency
and compound professionals is the general trend through public health
education. However, current public health education is limited to traditional
teaching models that struggle to balance theory and practice. Fortunately, the
development of artificial intelligence (Al) has entered the stage of intelligent
cognition. The introduction of Al in education has opened a new era of
computer-assisted education, which brought new possibilities for teaching
and learning in public health education. Al-based on big data not only provides
abundant resources for public health research and management but also
brings convenience for students to obtain public health data and information,
which is conducive to the construction of introductory professional courses
for students. In this review, we elaborated on the current status and limitations
of public health education, summarized the application of Al in public health
practice, and further proposed a framework for how to integrate Al into public
health education curriculum. With the rapid technological advancements, we
believe that Al will revolutionize the education paradigm of public health and
help respond to public health emergencies.
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Introduction

The severe acute respiratory syndrome (SARS) outbreak in 2003 was the first
epidemic that seriously impacted public health. In addition, HIN1 influenza, Ebola
virus, polio, Zika virus, and coronavirus disease 2019 (COVID-19) have been declared
public health emergencies of international concern by the World Health Organization,
which have also led to the severe global public health crises (1, 2). Today, the COVID-
19 pandemic and monkeypox outbreak in 2022 are still sweeping across the globe
(3, 4), causing heavy burdens on healthcare, lives, and the world economy (5, 6). All
of these reinforce the importance of strengthening public health systems. Public health
workforce fighting on the front line is committed to disease control and provides effective
health protection and health care for the health system. However, shortages of these
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professionals have severely hampered the implementation of
preventive measures in this outbreak as expected, pointing
to the demand to train more public health professionals
through education (7, 8). Furthermore, the urgent needs of
all sectors of society for public health emergency systems,
vaccine development, and training of medical personnel have
also highlighted the importance of medical education, especially
public health education.

health
based on traditional curricula with globally similar core

Recently, public education remains largely
competencies (9, 10). Public health education is generally
based on five fundamental and core discipline areas including
biostatistics, epidemiology, environmental health sciences,
social and behavioral sciences, and health policy management
(11, 12). To assess the educational content and educational
competencies, interdisciplinary and cross-cutting subjects,
such as communication and informatics, leadership, diversity
and culture, professionalism, public health biology, program
planning, and system thinking, are also incorporated into the
public health curriculum of most schools (13). Moreover, core
competencies for addressing public health practice challenges
have also been incorporated into the certification criteria. Even
s0, a large part of the training process is focuses on absorbing
much information as possible and learning how to apply that
knowledge in practice, which is still based on memory (14).
Additionally, under the traditional education model, the quality
of teaching largely depends on the level of teachers. However,
excellent teachers not only need long-term training but also are
in short supply. Traditional coursework and book knowledge
alone can hardly equip students to address real-world public
health challenges (9, 14, 15). Teaching cannot keep up with new
technologies and teaching content. Therefore, the optimization
of public health education and the cultivation of public health
professionals become the top priorities in the context of current
epidemics (11, 16).

As an emerging technology in the twenty-first century,
artificial intelligence (AI) has already penetrated various fields,
including the economy, science, healthcare, and medicine,
and has become an important driving force for their future
development (17, 18). Nowadays, thousands of mature AI
applications, such as virtual assistants, autonomous vehicles,
facial recognition, and medical diagnosis, have been developed
to solve problems in specific industries or institutions (19-21).
Al-based financial applications such as Mint or Turbo Tax act
as personal financial assistance, collecting personal data and
providing sound financial advice (22, 23). Automakers such as
Toyota, Volvo, and Tesla use Al techniques to train computers
to think like humans to avoid accidents while driving in any
environment (24). Facial recognition based on computer vision
is the most common field of Al. Facial recognition technology
on mobile phones and laptops can replace pin numbers and
passwords, securing an individual’s data (25). Al-based machine
and deep learning models are being used to detect diseases
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such as skin, liver, heart, and Alzheimer’s (26, 27). Among
them, the recurrent neural network and the feed-forward neural
network have achieved 97.59 and 100% in the diagnosis of
liver disease hepatitis virus, respectively (28). Moreover, Al
has been successfully applied to healthy education and clinical
training, including ophthalmology (29), radiology (30), physical
(31), and residency training (32). For example, Fang et al.
(32) have applied Al-based pathologic myopia identification
system in the ophthalmology residency training and achieved
satisfactory training efficiency. All of these have shown the
powerful potential of AL

Notably, AI also plays a pivotal role in the transformation
of education. Recently, Al has shown the potential to address
educational challenges and innovate teaching-learning practices,
enhancing teaching quality. Al-based intelligent tutoring
systems that can identify and respond to students’ knowledge
gaps, personalized virtual tutors, two-way intelligent feedback
between teachers and students, data mining, and the execution
of mundane tasks will contribute to improving the quality of
education (33). Here, we reviewed the fundamentals of Al,
focused on the application of Al in public health practice, offered
reasonable curriculum recommendations for introducing Al in
public health education, and further discussed the prospect of AI
in public health.

Fundamentals of artificial
intelligence

Broadly, AI refers to the process by which computers
and machines simulate human behavior, including perception,
learning, inferencing, analysis, and decision-making, to perform
tasks through data processing and pattern recognition (34-36).
Al includes multiple subsets or subfields, of which machine
learning, deep learning, neural networks, computer vision, and
robotics are the five main subfields of AL. Machine learning
and deep learning are two major subfields that are often
mentioned in AI (37, 38). Machine learning enables computers
to learn autonomously by analyzing training data and experience
without explicit programming. Furthermore, its performance
improves with time. Machine learning algorithms include
the supervised type that needs a training dataset containing
input data and expected output and the unsupervised type
that the data itself learns instead of the training datasets
(39, 40). Recently, multiple complex problems in areas, such
as finance, healthcare, and manufacturing, have been well-
addressed through machine learning (41-43). Deep learning
has aroused much concern due to its remarkable success in
computer vision, speech recognition, and self-driving cars. Deep
learning is not only another subset of AI but also a subset of
machine learning. It belongs to a class of machine learning
algorithms that use multiple layers of artificial neural networks
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as an architecture for data representation learning (40, 44-
46). A deep neural network trained on more than 37,000
head computed tomography scans of intracranial hemorrhage
evaluated 9,500 unseen cases, reducing the time to diagnose
intracranial hemorrhage in new outpatient clinics by 96%
with 84% accuracy (47). Neural networks are often used to
create software that can imitate human learning and decision-
making (46). Artificial neural networks composed of many
interconnected processing nodes or neurons have the ability
to learn to recognize patterns. Neural networks have shown
enormous potential in improving decision-making in various
industries and in improving the prediction accuracy of machine
learning algorithms. The above subset is designed to make the
computer think. However, computer vision enables computers
and systems to take action or make recommendations after
obtaining meaningful information from digital images, videos,
and other visual inputs, enabling computers to see, observe and
understand (48). Notably, the robotic system is an Al system
deployed in physical form to control physical objects in the
world through supervised and unsupervised learning (49). Up
to now, several types of robotics systems have been developed
to assist humans in difficult or dangerous tasks ranging from
healthcare to national defense. All of these lay the foundation
for further application and development of AL

The application of artificial
intelligence in public health

Driven by major advances in computers algorithms and
accumulation of big data over the decades, Al has entered
an extraordinary stage of rapid development and widespread
application. More recently, traditional AI research areas,
including computer vision, speech recognition, and robotics,
have also been found to be innovatively applicable in other
real-world contexts, such as public health. In particular, the
coronavirus pandemic outbreak at the end of 2019 plunged
the world into a severe public health crisis. Al-based medical
devices, algorithms, and other new industries have shown
great potential in surveillance, prevention, diagnosis, and health
management, which provides important support for this global
fight against the epidemic.

Disease surveillance and prevention

Disease surveillance in public health surveillance aims
to detect early and reliable signals of health anomalies and
epidemic outbreaks from the diverse collection of data sources.
Data sourcing and analysis are two major challenges for
public health surveillance. Al-based ubiquitous social media,
online newswires, and other internet-based data streams
effectively leverage various open data beyond traditional public
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health surveillance systems through its powerful surveillance
capabilities, which expand and facilitate data sourcing (50).
Traditional data analysis is primarily achieved through statistical
methods that focus primarily on macro-level conclusions.
However, as data complexity increases and data volumes
accumulate, statistical inference becomes quite difficult within
the framework of these methods. Al-based analytics methods
such as natural language processing and image processing
converted unstructured data into structured items through
semantic labeling and auto-population of features, which in
turn enhances traditional statistics-based data analysis (50). In
practice, multiple AI products, such as infrared thermal imaging
and face recognition, contribute to monitoring and controlling
the source of infection. These products expressly identify people
with abnormal body temperature and close contact to determine
the source of the disease in the case of dense crowds and a rapid
flow of people.

Intelligent diagnosis

The most obvious manifestation of AI in public health
is intelligent diagnosis. Intelligent diagnosis requires relevant
personnel in medical institutions to collect and analyze a
large amount of data and information by using modern
information technology. Machine learning algorithms are then
used to quickly identify the database of the cases to facilitate
professionals making highly accurate diagnostic decisions (51).
Recently, multiple auxiliary diagnostic AI devices have been
approved by the U.S. Food and Drug Administration (FDA)
for various diseases (52). IDx-DR is the first FDA-approved
autonomous Al system that automatically analyzes retinal
images for signs of diabetic retinopathy without the help of
medical personnel (29). The clinical trial results showed that
the accurate identification rates of IDx-DR for patients with
more than mild diabetic retinopathy and those with less than
mild diabetic retinopathy were 87.4 and 89.5%, respectively (53).
Additionally, cancer diagnosis is one of the most important
applications of Al-based intelligent diagnosis (54, 55). The
algorithm developed based on deep learning was used to
detect mammographic lesions with 99% accuracy, reducing
unnecessary biopsies (56-59). Furthermore, colonoscopy videos
can also be analyzed using Al to accurately identify polyps in
real-time (60).

Excitingly, AI has shown potential in designing novel
anticancer therapies or at least guiding the development of such
therapies, which could reduce failure rates and shorten approval
times (61, 62). The mechanism of anticancer molecules can be
precisely predicted by Al algorithm BANDIT, leading to precise
preclinical and clinical positioning, and increased likelihood of
clinical success (63). Likewise, effective drug combinations can
be predicted and screened based on Al tools, optimizing the
treatment of cancer (64).
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Health administration

Additionally, AI technology can also improve the efficiency
and quality of health management in various ways such as
Al-assisted decision-making systems, medical record quality
control, and pathological assistance systems. Health protection
and promotion inseparable from AI. With advances in Al
personalized predictions and prevention are possible (65, 66).
Up to now, multiple disease prediction models had been
developed and improved to provide targeted and personalized
health advice (67-70). Furthermore, AI has also greatly
contributed to the development of the psychological counseling
industry. Chatbots like Wysa ensure empathic support and
advise on when to consult a human practitioner (71). Deep
neural network-based AliveCor can detect possible heart rhythm
abnormalities in users by evaluating heart rate data, physical
activity and other influencing factors, reminding people to
proactively manage their heart health (72, 73).

Taken together, AI has shown a profound impact on
and health
management in public health systems, indicating that AI

disease surveillance, intelligent diagnosis,
will strongly promote public health toward a more intelligent

and humanized direction.

The introduction of artificial
intelligence in public health
education

Public health education aims to equip students with
sound theoretical understanding to meet complex health-
related challenges with appropriate methods. Actually, almost
all theoretical and practical issues related to health involve
multidisciplinary collaboration (74, 75). However, only partial
curriculums covered the necessity of interdisciplinarity in
traditional public health education. In addition, theories,
methods, health topics, and their applications are often taught
side by side, making it difficult for students to combine them
(74, 76). Fortunately, the application of Al in education brought
new opportunities for health public education. The intelligence
of public health education will provide guidance and technical
support for training professionals in the new era, improving the
efficiency and quality of education.

The application of artificial intelligence in
public health education

Recently, AI has already been applied in education,
especially with some tools that help develop skills and test
systems. As Al-based educational solutions continue to mature,
AT is expected to help fill gaps in learning and teaching needs,
enabling schools, and teachers to do more (77). Computer
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systems combined by incorporating human intelligence could
serve intelligent tutors, tools, or students, facilitating decision-
making in educational settings. Understanding individual
differences is essential for developing teaching tools for
specific students and tailoring education to individual needs at
different stages. Identifying individual differences is essential
for developing pedagogical methods for specific students and
customizing education for individual needs at different stages
(78). A large amount of personal data can be accurately
collected by intelligent education systems based on big data
and AI technologies. Learning patterns of students is revealed
through data analysis to identify their unique preferences and
experiences (79). Therefore, Al and big data have the potential
to realize personalized learning and achieve precision education.
Additionally, several basic activities in education, such as
grading, frequently asked questions, and predicting learning
outcomes, were automated by AI, which liberate teachers and
encourage them to focus on professional development (80,
81). AI solutions can identify weaknesses by assessing the
learning history of students to provide courses suitable for
improvement. Notably, Al breaks down the barriers between
schools and traditional grades and promotes the balance of
teaching resources. Widespread application of virtual learning
promotes the balance of teaching resources. Intelligent tutoring
systems are an integral part of AI in education (82). These
systems, such as AI chatbots, Al tutors, and tutoring programs,
provide one-on-one instruction and feedback (83-85).

The application of Al technology in public health education
focuses on the teaching of theoretical courses, which is in
the innovation stage of educational informatization process.
The traditional teaching pattern has been improved on the
basis of computers and the Internet to achieve a certain
degree of autonomous learning, collaborative learning, and
teaching feedback. Notably, how to apply theoretical knowledge
into practice is the focus of public health education beyond
theoretical study. However, compared with other subjects that
have gone beyond the theoretical stage, such as situational,
inquiry-based and simulated medicine, there is a gap in the
application of Al in public health education practice.

Recommendations of the standardized
curriculum

Objectives of the Al-based public health core course include
recognizing major research and discoveries of Al in public
health, and understanding learning potential applications in
public health practice. The core curriculum should begin with
basic mathematics and statistics lessons related to AI (86).
Then, high-quality courses covering AI, machine learning, deep
learning, and data science serve as the core curriculum of public
health education, allowing students to focus on applications of
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these subjects more naturally in subsequent training. Finally,
the curriculum should focus on how AI can be used in public
health practice, such as disease prevention, infection source
control, and health management (29). Specialized courses with
extracurricular activities and dedicated training should also
be considered for those students who wish to learn more.
Additionally, refresher courses should also be provided for
licensed professionals.

Conclusions and prospects

With the increasing emphasis on public health education,
the reform of teaching methods and the change of personnel
training mode need to be accelerated. A new-era education
system with interactive learning and intelligent learning as
the main content urgently needs to be established. However,
the existing facilities in medical colleges are difficult to
achieve personalized education for students. The low education
collaboration and the conflict between intelligent teaching
and traditional teaching are not conducive to meeting the
demand of society for higher-quality educational resources
in public health education. The introduction of AI into
education will open up novel opportunities to dramatically
improve the quality of teaching and learning. On the one
hand, AI enhances the personalization of student learning
plans and lessons and facilitates tutoring by helping students
improve their weaknesses and improve skills. On the other
hand, educators could benefit from intelligent systems that
facilitate assessment, data collection, and improved learning
progress. Recently, Al has been introduced into various fields
in education, such as ophthalmology (29), radiology (30), music
(87), and physical (31), providing mature technical support and
effectively promoting its development in a more intelligent and
humanized direction. Therefore, with the help of education
section, we could reform public health education and design
formal integrated AI curriculum in medical schools to better
equip public health professionals to respond to emergencies. It

References

1. Wilder-Smith A, Osman S. Public health emergencies of international concern:
a historic overview. ] Travel Med. (2020) 27:taaa227. doi: 10.1093/jtm/taaa227

2. Ghebreyesus TA, World Health O. Why the monkeypox outbreak
constitutes a public health emergency of international concern. BMJ. (2022)
378:01978. doi: 10.1136/bmj.01978

3. Tarhini A, Harfouche A, De Marco M. Artificial intelligence-based digital
transformation for sustainable societies: the prevailing effect of COVID-19 crises.
Pac Asia J Assoc Inf. (2022) 14:1-4. doi: 10.17705/1pais.14201

4. Shabbir A, Shabbir M, Javed AR, Rizwan M, Iwendi C, Chakraborty
C. Exploratory data analysis, classification, comparative analysis, case severity
detection, and internet of things in COVID-19 telemonitoring for smart hospitals.
] Exp Theor Artif Int. (2022). doi: 10.1080/0952813X.2021.1960634

Frontiersin Public Health

05

10.3389/fpubh.2022.1087174

is believed that soon, public health education based on AI will
inject unprecedented impetus into the development of the public
health and improve the ability of public health system to respond
to emergencies.

Author contributions

All authors listed have made a substantial, direct,
and intellectual contribution to the work and approved it
for publication.

Funding

This work was funded by National Natural Science
Foundation of China (Nos. 82172634 and 22105137), Key
Program of the Science and Technology Bureau of Sichuan,
China (No. 2021YFSY0007), China Postdoctoral Science
Foundation (2020M683324 and 2022T150449), and 1.3.5
Projects for Disciplines of Excellence, West China Hospital,
Sichuan University (No. ZYYC20013).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

5. Kumar N, Acharya A, Gendelman HE, Byrareddy SN. The 2022
outbreak and the pathobiology of the monkeypox virus. J Autoimmun. (2022)
131:102855. doi: 10.1016/j.jaut.2022.102855

6. Liu X, Liu G, Liu G, Luo WX, Xia NS. COVID-19: progress in diagnostics,
therapy and vaccination. Theranostics. (2020) 10:7821-35. doi: 10.7150/thno.47987

7. Poon YSR, Lin YP, Griffiths P, Yong KK, Seah B, Liaw SY. A global
overview of healthcare workers™ turnover intention amid COVID-19 pandemic:
a systematic review with future directions. Hum Resour Health. (2022)
20:70. doi: 10.1186/s12960-022-00764-7

8. Armocida B, Formenti B, Ussai S, Palestra F, Missoni E. The Italian health
system and the COVID-19 challenge. Lancet Public Health. (2020) 5:E253-
E. doi: 10.1016/52468-2667(20)30074-8

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1087174
https://doi.org/10.1093/jtm/taaa227
https://doi.org/10.1136/bmj.o1978
https://doi.org/10.17705/1pais.14201
https://doi.org/10.1080/0952813X.2021.1960634
https://doi.org/10.1016/j.jaut.2022.102855
https://doi.org/10.7150/thno.47987
https://doi.org/10.1186/s12960-022-00764-7
https://doi.org/10.1016/S2468-2667(20)30074-8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wang et al.

9. Griffiths SM, Li LM, Tang JL, Ma X, Hu YH, Meng QY, et al. The challenges of
public health education with a particular reference to China. Public Health. (2010)
124:218-24. doi: 10.1016/j.puhe.2010.02.009

10. Association of Schools of Public Health Education Committee %].
Master’s degree in public health core competency model, version 2.3. (2006).
Washington, DA.

11. Ghaffar A, Rashid SF, Wanyenze RK, Hyder AA. Public health education
post-COVID-19: a proposal for critical revisions. BMJ Glob Health. (2021)
6:¢005669. doi: 10.1136/bmjgh-2021-005669

12. Winskell K, Evans D, Stephenson R, Del Rio C, Curran JW. On academics
incorporating global health competencies into the public health curriculum. Public
Health Rep. (2014) 129:203-8. doi: 10.1177/003335491412900216

13. Moser M, Ramiah K, Ibrahim M. Epidemiology core competencies
for Master of Public Health students. Public Health Rep. (2008) 123:59-
66. doi: 10.1177/00333549081230S113

14. Wartman SA, Combs CD. Medical education must move from the
information age to the age of artificial intelligence. Acad Med. (2018) 93:1107-
9. doi: 10.1097/ACM.0000000000002044

15. He LY, Yang N, Xu LL, Ping E Li W, Sun Q, et al. Synchronous distance
education vs. traditional education for health science students: A systematic review
and meta-analysis. Med Educ. (2021) 55:293-308. doi: 10.1111/medu.14364

16. Javed AR, Sarwar MU, Beg MO, Asim M, Baker T, Tawfik H. A collaborative
healthcare framework for shared healthcare plan with ambient intelligence. Hum-
Cent Comput Inform. (2020) 10:40. doi: 10.1186/s13673-020-00245-7

17. Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism. (2017)
69S:536-40. doi: 10.1016/j.metabol.2017.01.011

18. Yu KH, Beam AL, Kohane IS. Artificial intelligence in healthcare. Nat Biomed
Eng. (2018) 2:719-31. doi: 10.1038/s41551-018-0305-2

19. Kreimeyer K, Foster M, Pandey A, Arya N, Halford G, Jones SE et al.
Natural language processing systems for capturing and standardizing unstructured
clinical information: a systematic review. J Biomed Inform. (2017) 73:14-
29. doi: 10.1016/j.jbi.2017.07.012

20. Shaked NA. Avatars and virtual agents - relationship interfaces for the elderly.
Healthc Technol Lett. (2017) 4:83-7. doi: 10.1049/htl.2017.0009

21. Mustageem, Kwon S. A CNN-assisted enhanced audio signal processing for
speech emotion recognition. Sensors. (2019) 20:183. doi: 10.3390/s20010183

22. Lee J. Access to finance for artificial
in the financial services industry. Eur Bus
21:731-57. doi: 10.1007/s40804-020-00200-0

intelligence
Organ Law Rev.

regulation
(2020)

23. Milana C, Ashta A. Artificial intelligence techniques in finance and
financial markets: a survey of the literature. Strat Chang. (2021) 30:189-
209. doi: 10.1002/jsc.2403

24. Vinyas DS, Nanjundeswaraswamy TS. Artificial intelligence in autonomous
vehicles - a Literature Review. i-Managers ] Fut Eng Technol. (2019)
14:56. doi: 10.26634/jfet.14.3.15149

25. Kaur P, Krishan K, Sharma SK, Kanchan T. Facial-recognition algorithms: a
literature review. Med Sci Law. (2020) 60:131-9. doi: 10.1177/0025802419893168

26. Juravle G, Boudouraki A, Terziyska M, Rezlescu C. Trust in
artificial intelligence for medical diagnoses. Prog Brain Res. (2020)
253:263-82. doi: 10.1016/bs.pbr.2020.06.006

27. Szolovits P, Patil RS, Schwartz WB. Artificial-intelligence in medical
diagnosis. Ann Intern Med. (1988) 108:80-7. doi: 10.7326/0003-4819-108-1-80

28. Kumar Y, Koul A, Singla R, Ijaz MEF. Artificial intelligence in
disease diagnosis: a systematic literature review, synthesizing framework
and future research agenda. | Amb Intel Hum Comp. (2022) 13:1-28.
doi: 10.1007/s12652-021-03612-2

29. Valikodath NG, Cole E, Ting DSW, Campbell JP, Pasquale LR, Chiang MF,
et al. Impact of Artificial Intelligence on Medical Education in Ophthalmology.
Transl Vis Sci Technol. (2021) 10:14. doi: 10.1167/tvst.10.7.14

30. Ellis L. Artificial intelligence for precision education in radiology -
experiences in radiology teaching from a UK foundation doctor. Br J Radiol. (2019)
92:20190779. doi: 10.1259/bjr.20190779

31. Li L, Zhang L, Zhang S. Using artificial intelligence for the construction
of university physical training and teaching systems. J Healthc Eng. (2021)
2021:3479208. doi: 10.1155/2021/3479208

32. Fang Z, Xu Z, He X, Han W. Artificial intelligence-based pathologic myopia
identification system in the ophthalmology residency training program. Front Cell
Dev Biol. (2022) 10:1053079. doi: 10.3389/fcell.2022.1053079

33. Masters K. Artificial intelligence in medical education. Med Teach. (2019)
41:976-80. doi: 10.1080/0142159X.2019.1595557

Frontiersin Public Health

06

10.3389/fpubh.2022.1087174

34. Panch T, Szolovits P, Atun R. Artificial intelligence, machine learning and
health systems. J Glob Health. (2018) 8:020303. doi: 10.7189/jogh.08.020303

35. Duan Y, Edwards JS, Dwivedi YK. Artificial intelligence for decision making
in the era of Big Data - evolution, challenges and research agenda. Int | Inform
Manage. (2019) 48:63-71. doi: 10.1016/j.ijinfomgt.2019.01.021

36. Topol EJ. High-performance medicine: the convergence of human and
artificial intelligence. Nat Med. (2019) 25:44-56. doi: 10.1038/s41591-018-0300-7

37. Hashimoto DA, Witkowski E, Gao L, Meireles
G.  Artificial  intelligence  in  anesthesiology:  current
clinical applications, and limitations. Anesthesiology. (2020)
94. doi: 10.1097/ALN.0000000000002960

O, Rosman
techniques,
132:379-

38. Bini SA. Artificial intelligence, machine learning, deep learning, and cognitive
computing: what do these terms mean and how will they impact health care? J
Arthroplasty. (2018) 33:2358-61. doi: 10.1016/j.arth.2018.02.067

39. Jordan MI, Mitchell TM. Machine learning: trends, perspectives, and
prospects. Science. (2015) 349:255-60. doi: 10.1126/science.aaa8415

40. Albert D. The future of artificial intelligence-based remote monitoring
devices and how they will transform the healthcare industry. Fut Cardiol. (2021)
18:89-90. doi: 10.2217/fca-2021-0073

41. Dogan A, Birant D. Machine learning and data mining in manufacturing.
Expert Syst Appl. (2021) 166:114060. doi: 10.1016/j.eswa.2020.114060

42. Ghoddusi H, Creamer GG, Rafizadeh N. Machine
in energy economics and finance: a review. Energ Econ.
81:709-27. doi: 10.1016/j.eneco.2019.05.006

43. Gomes MAS, Kovaleski JL, Pagani RN, da Silva VL. Machine learning
applied to healthcare: a conceptual review. ] Med Eng Technol. (2022) 46:608-
16. doi: 10.1080/03091902.2022.2080885

learning
(2019)

44. Fritz B, Fritz J. Artificial intelligence for MRI diagnosis of joints: a scoping
review of the current state-of-the-art of deep learning-based approaches. Skeletal
Radiol. (2022) 51:315-29. doi: 10.1007/s00256-021-03830-8

45. Lemley ], Bazrafkan S, Corcoran P. Deep Learning for Consumer
Devices and Services Pushing the limits for machine learning, artificial
intelligence, and computer vision. IEEE Consum Electron Mag. (2017) 6:48-
56. doi: 10.1109/MCE.2016.2640698

46. Kriegeskorte N, Golan T. Neural network models and deep learning. Curr
Biol. (2019) 29:R231-6. doi: 10.1016/j.cub.2019.02.034

47. Arbabshirani MR, Fornwalt BK, Mongelluzzo GJ, Suever JD, Geise BD, Patel
AA, et al. Advanced machine learning in action: identification of intracranial
hemorrhage on computed tomography scans of the head with clinical workflow
integration. NPJ Digit Med. (2018) 1:9. doi: 10.1038/s41746-017-0015-z

48. Voulodimos A, Doulamis N, Doulamis A, Protopapadakis E. Deep
learning for computer vision: a brief review. Comput Intell Neurosci. (2018)
2018:7068349. doi: 10.1155/2018/7068349

49. Ribeiro J, Lima R, Eckhardt T, Paiva S. Robotic process automation and
artificial intelligence in industry 4.0-A literature review. Proc Comput Sci. (2021)
181:51-8. doi: 10.1016/j.procs.2021.01.104

50. Zeng D, Cao Z, Neill DB. Artificial intelligence-enabled public health
surveillance—from local detection to global epidemic monitoring and control.
Artif Intell Med. (2021) 2021:437-53. doi: 10.1016/B978-0-12-821259-2.0
0022-3

51. Ao C, Jin S, Ding H, Zou Q, Yu L. Application and development

of artificial intelligence and intelligent disease  diagnosis.  Curr
Pharm  Des.  (2020)  26:3069-75. doi: 10.2174/1381612826666200331
091156

52. Benjamens S, Dhunnoo P, Mesko B. The state of artificial intelligence-based
FDA-approved medical devices and algorithms: an online database. NPJ Digit Med.
(2020) 3:118. doi: 10.1038/s41746-020-00324-0

53. Abramoff MD, Lavin PT, Birch M, Shah N, Folk JC. Pivotal trial of an
autonomous Al-based diagnostic system for detection of diabetic retinopathy
in primary care offices. NPJ Digit Med. (2018) 1:39. doi: 10.1038/s41746-018-
0040-6

54. Venkadesh KV, Setio AAA, Schreuder A, Scholten ET, Chung KM, Wille
MMW, et al. Deep learning for malignancy risk estimation of pulmonary
nodules detected at low-dose screening CT. Radiology. (2021) 300:438-
47. doi: 10.1148/radiol.2021204433

55. Elemento O, Leslie C, Lundin ], Tourassi G. Artificial intelligence
in cancer research, diagnosis and therapy. Nat Rev Cancer. (2021) 21:747-
52. doi: 10.1038/s41568-021-00399-1

56. Kooi T, Litjens G, van Ginneken B, Gubern-Merida A, Sanchez CI, Mann R,
et al. Large scale deep learning for computer aided detection of mammographic
lesions. Med Image Anal. (2017) 35:303-12. doi: 10.1016/j.media.2016.07.007

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1087174
https://doi.org/10.1016/j.puhe.2010.02.009
https://doi.org/10.1136/bmjgh-2021-005669
https://doi.org/10.1177/003335491412900216
https://doi.org/10.1177/00333549081230S113
https://doi.org/10.1097/ACM.0000000000002044
https://doi.org/10.1111/medu.14364
https://doi.org/10.1186/s13673-020-00245-7
https://doi.org/10.1016/j.metabol.2017.01.011
https://doi.org/10.1038/s41551-018-0305-z
https://doi.org/10.1016/j.jbi.2017.07.012
https://doi.org/10.1049/htl.2017.0009
https://doi.org/10.3390/s20010183
https://doi.org/10.1007/s40804-020-00200-0
https://doi.org/10.1002/jsc.2403
https://doi.org/10.26634/jfet.14.3.15149
https://doi.org/10.1177/0025802419893168
https://doi.org/10.1016/bs.pbr.2020.06.006
https://doi.org/10.7326/0003-4819-108-1-80
https://doi.org/10.1007/s12652-021-03612-z
https://doi.org/10.1167/tvst.10.7.14
https://doi.org/10.1259/bjr.20190779
https://doi.org/10.1155/2021/3479208
https://doi.org/10.3389/fcell.2022.1053079
https://doi.org/10.1080/0142159X.2019.1595557
https://doi.org/10.7189/jogh.08.020303
https://doi.org/10.1016/j.ijinfomgt.2019.01.021
https://doi.org/10.1038/s41591-018-0300-7
https://doi.org/10.1097/ALN.0000000000002960
https://doi.org/10.1016/j.arth.2018.02.067
https://doi.org/10.1126/science.aaa8415
https://doi.org/10.2217/fca-2021-0073
https://doi.org/10.1016/j.eswa.2020.114060
https://doi.org/10.1016/j.eneco.2019.05.006
https://doi.org/10.1080/03091902.2022.2080885
https://doi.org/10.1007/s00256-021-03830-8
https://doi.org/10.1109/MCE.2016.2640698
https://doi.org/10.1016/j.cub.2019.02.034
https://doi.org/10.1038/s41746-017-0015-z
https://doi.org/10.1155/2018/7068349
https://doi.org/10.1016/j.procs.2021.01.104
https://doi.org/10.1016/B978-0-12-821259-2.00022-3
https://doi.org/10.2174/1381612826666200331091156
https://doi.org/10.1038/s41746-020-00324-0
https://doi.org/10.1038/s41746-018-0040-6
https://doi.org/10.1148/radiol.2021204433
https://doi.org/10.1038/s41568-021-00399-1
https://doi.org/10.1016/j.media.2016.07.007
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wang et al.

57. Courtiol P, Maussion C, Moarii M, Pronier E, Pilcer S, Sefta M, et al.
Deep learning-based classification of mesothelioma improves prediction of patient
outcome. Nat Med. (2019) 25:1519-25. doi: 10.1038/s41591-019-0583-3

58. Zhou D, Tian F, Tian X, Sun L, Huang X, Zhao F, et al. Diagnostic evaluation
of a deep learning model for optical diagnosis of colorectal cancer. Nat Commun.
(2020) 11:2961. doi: 10.1038/s41467-020-16777-6

59. McKinney SM, Sieniek M, Godbole V, Godwin ], Antropova N, Ashrafian H,
et al. International evaluation of an Al system for breast cancer screening. Nature.
(2020) 577:89-94. doi: 10.1038/s41586-019-1799-6

60. Wang P, Xiao X, Glissen Brown JR, Berzin TM, Tu M, Xiong F
et al. Development and validation of a deep-learning algorithm for the
detection of polyps during colonoscopy. Nat Biomed Eng. (2018) 2:741-
8. doi: 10.1038/s41551-018-0301-3

61. Arora G, Joshi ], Mandal RS, Shrivastava N, Virmani R, Sethi T. Artificial
intelligence in surveillance, diagnosis, drug discovery and vaccine development
against COVID-19. Pathogens. (2021) 10:1048. doi: 10.3390/pathogens10081048

62. Tripathi A, Misra K, Dhanuka R, Singh JP. Artificial intelligence in
accelerating drug discovery and development. Recent Pat Biotechnol. (2022) 17:9-
23. doi: 10.2174/1872208316666220802151129

63. Madhukar NS, Khade PK, Huang LD, Gayvert K, Galletti G, Stogniew M, et al.
A Bayesian machine learning approach for drug target identification using diverse
data types. Nat Commun. (2019) 10:5221. doi: 10.1038/s41467-019-12928-6

64. Gayvert KM, Aly O, Platt J, Bosenberg MW, Stern DE, Elemento O.
A computational approach for identifying synergistic drug combinations. PLoS
Comput Biol. (2017) 13:¢1005308. doi: 10.1371/journal.pcbi. 1005308

65. Panch T, Pearson-Stuttard J, Greaves F Atun R. Artificial intelligence:
opportunities and risks for public health. Lancet Digit Health. (2019) 1:E13-
4. doi: 10.1016/52589-7500(19)30002-0

66. Schork NJ. Artificial intelligence and personalized medicine. Cancer Treat
Res. (2019) 178:265-83. doi: 10.1007/978-3-030-16391-4_11

67. de Jong G, Aquarius R, Sanaan B, Bartels R, Grotenhuis JA, Henssen D,
et al. Prediction models in aneurysmal subarachnoid hemorrhage: forecasting
clinical outcome with artificial intelligence. Neurosurgery. (2021) 88:E427-
34. doi: 10.1093/neuros/nyaa581

68. Weng SE Reps J, Kai J, Garibaldi JM, Qureshi N. Can machine-learning
improve cardiovascular risk prediction using routine clinical data? PLoS ONE.
(2017) 12:¢0174944. doi: 10.1371/journal.pone.0174944

69. Song X, Yu ASL, Kellum JA, Waitman LR, Matheny ME,
Simpson SQ, et al. Cross-site transportability of an explainable artificial
intelligence model for acute kidney injury prediction. Nat Commun. (2020)
11:5668. doi: 10.1038/s41467-020-19551-w

70. Lee JT, Hsieh CC, Lin CH, Lin YJ, Kao CY. Prediction of hospitalization
using artificial intelligence for urgent patients in the emergency department. Sci
Rep. (2021) 11:19472. doi: 10.1038/s41598-021-98961-2

71. Inkster B, Sarda S, Subramanian V. An empathy-driven, conversational
artificial intelligence Agent (WYSA) for digital mental well-being: real-
world data evaluation mixed-methods study. JMIR Mhealth Uhealth. (2018)
6:¢12106. doi: 10.2196/12106

Frontiersin Public Health

07

10.3389/fpubh.2022.1087174

72. Attia ZI, Kapa S, Lopez-Jimenez E McKie
Satam G, et al. Screening for cardiac contractile
an artificial intelligence-enabled electrocardiogram.  Nat
25:70-4. doi: 10.1038/s41591-018-0240-2

PM, Ladewig D],
dysfunction using
Med. (2019)

73. Minchole A, Rodriguez B. Artificial intelligence for the electrocardiogram.
Nat Med. (2019) 25:22-3. doi: 10.1038/s41591-018-0306-1

74. Gerhardus A, Schilling I, Voss M. [Public health as an applied,
multidisciplinary ~ subject: is research-based learning the answer to
challenges in learning and teaching?].  Gesundheitswesen.  (2017)
79:141-3. doi: 10.1055/5-0042-106646

75. Abdul Kadir N, Schutze H. Medical educators’ perspectives on the
barriers and enablers of teaching public health in the undergraduate
medical schools: a systematic review. Glob Health Action. (2022)
15:2106052. doi: 10.1080/16549716.2022.2106052

76. Rosenstock L, Helsing K, Rimer BK. Public health education in the united
states: then and now. Public Health Rev. (2011) 33:39-65. doi: 10.1007/BF03391620

77. Yousuf M, Wahid A. The role of artificial intelligence in education:
current trends and future prospects. In: 2021 International Conference on
Information Science and Communications Technologies (ICISCT). (2021). p. 1-
7. doi: 10.1109/ICISCT52966.2021.9670009

78. Papamitsiou Z, Economides AA. Learning analytics and educational data
mining in practice: a systematic literature review of empirical evidence. Educ
Technol Soc. (2014) 17:49-64.

79. Luan H, Geczy P, Lai H, Gobert J, Yang SJH, Ogata H, et al. Challenges and
future directions of big data and artificial intelligence in education. Front Psychol.
(2020) 11:580820. doi: 10.3389/fpsyg.2020.580820

80. Attaran M, Stark ], Stotler D. Opportunities and challenges for big data
analytics in US higher education: a conceptual model for implementation. Ind
Higher Educ. (2018) 32:169-82. doi: 10.1177/0950422218770937

81. Daniel B. Big Data and analytics in higher education: opportunities and
challenges. Br ] Educ Technol. (2015) 46:904-20. doi: 10.1111/bjet.12230

82. Popenici SAD, Kerr S. Exploring the impact of artificial intelligence on
teaching and learning in higher education. Res Pract Technol Enhanc Learn. (2017)
12:22. doi: 10.1186/s41039-017-0062-8

83. Toh LPE, Causo A, Tzuo PW, Chen IM, Yeo SH. A review on the use of robots
in education and young children. Educ Technol Soc. (2016) 19:148-63.

84. Han ER, Yeo S, Kim MJ, Lee YH, Park KH, Roh H. Medical education trends
for future physicians in the era of advanced technology and artificial intelligence: an
integrative review. BMC Med Educ. (2019) 19:460. doi: 10.1186/s12909-019-1891-5

85. Smutny P, Schreiberova P. Chatbots for learning: a review of
educational chatbots for the Facebook Messenger. Comput Educ. (2020)
151:103862. doi: 10.1016/j.compedu.2020.103862

86. Paranjape K, Schinkel M, Nannan Panday R, Car J, Nanayakkara P.
Introducing artificial intelligence training in medical education. JMIR Med Educ.
(2019) 5:e16048. doi: 10.2196/16048

87. Yan H. Design of online music education system based on artificial
intelligence and multiuser detection algorithm. Comput Intel Neurosci. (2022)
2022:9083436. doi: 10.1155/2022/9083436

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1087174
https://doi.org/10.1038/s41591-019-0583-3
https://doi.org/10.1038/s41467-020-16777-6
https://doi.org/10.1038/s41586-019-1799-6
https://doi.org/10.1038/s41551-018-0301-3
https://doi.org/10.3390/pathogens10081048
https://doi.org/10.2174/1872208316666220802151129
https://doi.org/10.1038/s41467-019-12928-6
https://doi.org/10.1371/journal.pcbi.1005308
https://doi.org/10.1016/S2589-7500(19)30002-0
https://doi.org/10.1007/978-3-030-16391-4_11
https://doi.org/10.1093/neuros/nyaa581
https://doi.org/10.1371/journal.pone.0174944
https://doi.org/10.1038/s41467-020-19551-w
https://doi.org/10.1038/s41598-021-98961-2
https://doi.org/10.2196/12106
https://doi.org/10.1038/s41591-018-0240-2
https://doi.org/10.1038/s41591-018-0306-1
https://doi.org/10.1055/s-0042-106646
https://doi.org/10.1080/16549716.2022.2106052
https://doi.org/10.1007/BF03391620
https://doi.org/10.1109/ICISCT52966.2021.9670009
https://doi.org/10.3389/fpsyg.2020.580820
https://doi.org/10.1177/0950422218770937
https://doi.org/10.1111/bjet.12230
https://doi.org/10.1186/s41039-017-0062-8
https://doi.org/10.1186/s12909-019-1891-5
https://doi.org/10.1016/j.compedu.2020.103862
https://doi.org/10.2196/16048
https://doi.org/10.1155/2022/9083436~
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Application of artificial intelligence to the public health education
	Introduction
	Fundamentals of artificial intelligence
	The application of artificial intelligence in public health
	Disease surveillance and prevention
	Intelligent diagnosis
	Health administration

	The introduction of artificial intelligence in public health education
	The application of artificial intelligence in public health education
	Recommendations of the standardized curriculum

	Conclusions and prospects
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


