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Abstract

Background. The study focuses on the need for effective strategies to address global challenges, such as the COVID-
19 pandemic, which requires not only medical but also technological responses. In this context, the research aims to analyze
issues and assess the potential use of artificial intelligence (Al) in predicting the spread of the virus, taking into account
current knowledge and identifying gaps in understanding this field.

The aim of this study is to analyze scientific publications dedicated to the use of artificial intelligence in the field of
forecasting and prevention of COVID-19 infection.

Search strategy. The search for literary sources was conducted in the PubMed database, and the selection of scientific
works was based on keywords related to the COVID-19 pandemic and forecasting using artificial intelligence technologies.
The search yielded 3,894 publications, extracted on December 27, 2023. Bibliometric analysis was performed using
VOSviewer software version 1.6.19, visualizing the interconnections between keywords, identifying clusters of similar terms,
and facilitating a deeper understanding of the research topic, trends, and directions in the field of artificial intelligence for
combating the COVID-19 pandemic. Exclusion of articles not meeting the keyword criteria was done manually. From the
initial pool of 3,894 works, a final set of 23 most relevant publications was selected, reflecting the researched theme and
meeting the established search criteria.

Conclusions. Contemporary trends and prospects of utilizing models and Al for forecasting COVID-19 outbreaks
demonstrate an interdisciplinary approach, encompassing statistical analysis, simulation models, machine learning, and
intelligent data analysis. The study emphasizes the importance of data quality, the selection of appropriate algorithms based
on country-specific data, and the potential of Al to make a significant contribution to decision-making in public health and
pandemic management.

Keywords: COVID-19, 2019-nCoV, SARS-CoV-2, forecasting, prediction, artificial intelligence, machine learning, deep
learning.
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BeepeHue. VccnenosaHue cokycupyeTcss Ha HeobxogumocTu apdekTuBHbIX CTpaTernii Gopbbbl ¢ rnobanbHbIMM
Bbl30Bamu, Takumu kak naHgemus COVID-19, tpebytoweit He TONbKO MEOULMHCKMX, HO W TEXHONOrMYeckux OTBETOB. B
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[aHHOM KOHTEKCTE, UCCrefoBaHMe HanpaBneHo Ha aHanua npobnem 1 OLEHKY MOTeHLUUana ucnonb3oBaHus CKYCCTBEHHOMO
natennekta (M) ans nporHo3upoBaHWsl pacnpoCTpaHeHUsl BUPYCa, C YYETOM TEKYLLMX 3HAHMI W BbISBNEHUS Npobenos B
NOHMMaHWUK 3TOI obnacTu.

Llenblo HacToswero uccnefoBaHWs SBNSIETCS aHanu3 HayuyHbIX Nybnukauuit, NOCBALEHHBIX MCMOMb30BaHUIO
MCKYCCTBEHHOTO MHTENNEKTa B 061aCT NPOrHO3MpOBaHMs M npodmnakTukv ek COVID-19.

Crpaterusi noucka. lccnepgoBaHne nuTepaTypHbIX WCTOYHMKOB O maHaemun COVID-19 u nporHosvpoBaHuu ¢
MPUMEHEHNEM TEXHOMOTUI  WCKYCCTBEHHOrO WHTENMEeKTa NpoBedeHo C  uUcmonb3oBaHueM 6asbl gaHHbIX  PubMed.
Pesynbrathl noucka skntovatoT 3,894 nybnukauun, BeirpyxeHHble 27 aekabps 2023 roga. bubnuomeTtpuieckuin aHanus ¢
npumeHeHnem nporpammHoro obecneveHus VOSviewer 1.6.19 no3sonun Bu3yanuanpoBaTh B3aMMOCBSA3N KIOYEBBIX COB,
BbISIBUB KITaCTepbl CXOXMX TEPMMHOB 11 06ecneyns rnybokoe NOHMMaHME TEMbl UCCIEA0BAHNUS B KOHTEKCTE UCTONb30BaHMS
MCKYCCTBEHHOMO WHTENNeKTa Ans npoTuBOCTOsHUS NaHaemu COVID-19. PydyHas counbTpauust WCKMuMna craTbM, He
COOTBETCTBYIOLLME KPUTEPUAM MO KIHOYEBLIM CROBaM, M CGopMMpoBana OKOHYaTenbHbi Habop u3 23 Hanbonee
peneBaHTHbIX paboT, OTpaxartoLLMX TEMATUKY 1 COOTBETCTBYIOLLMX YCTAHOBMEHHbBIM KPUTEPUSM.

BriBogbl. CoBpeMeHHbIE TEHAEHLMU M NEPCNEeKTMBLI NpUMEHeHUs modenein u U ons nporHo3vpoBaHus BCMbILLIEK
COVID-19 eMOHCTPUPYIOT MEXAUCLMNMNHAPHBIN NOAXOL, BKMIOYAKLLMIA CTAaTUCTUYECKMIA aHaNM3, UMUTALMOHHbIE MOAENMK,
MalUMHHOE OOYYeHME W WHTENNEKTYamnbHbI aHanu3 faHHblX. B nccregoBaHuMM MOAYEPKMBAETCS BaXHOCTb KadecTsa
[aHHbIX, BbIOOpa MOAXOASALLMX anropuTMOB Ha OCHOBE [aHHbIX MO KOHKPETHOW CTpaHe, a Tawke noTeHuman U pns
BHECEHUSI 3HAYNTENbHOTO BKMaja B MPUHSATUE pelleHnd B obnacTi oBLieCTBEHHOrO 34paBOOXPAHEHWS U ynpaBneHue
naHAEMUSMA.

Knrouesbie crnoea: COVID-19, 2019-nCoV, SARS-CoV-2, npoeHo3uposaHue, npedckasaHue, UCKYCCMBEHHbIU
UHMeniekm, MaluHHoe obyyeHue, aiybokoe 0byqeHue.
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COVID-19 NAHAEMUACBIMEH KYPECYAE XXACAHAbLI MHTEJNNEKTTI
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Kipicne. 3epTTey Tek MeaMUMHarbIK FaHa eMeC, COHbIMEH KaTap TEXHONOrWAMbIK xayantapabl kaxeT eteTiH COVID-19
naHOeMusachl CusIKTbI xahaHablK CbIH-KaTeprepMeH KypecydiH, TUiMZi CTpaTervsinapbiHbiH, KaXeTTiniriHe 6afbiTTanfaH.
Ocbl TypFblaa 3epTTey npobnemanapgbl Tanpayra xoHe Kasipri OiniMai eckepe OTbIPbIN X8HE OCbl CanaHbl TYCIHYLEri
ONKbINbIKTapAb! aHbIKTal OTbIPbIN, BUPYCTbIH, TapanybiH 60mkay YLUiH xacaH4bl MHTENNEKTTi KongaHy aneyeTiH Oaranayra
GaFbITTanFaH.

Bbyn 3eprreyaiH makcatbl COVID-19 uHdekumusicblH Gomkay keHe angbliH any canacbiHAa XacaHZbl MHTENNeKTTi
KOnfaHyFa apHanfaH fFbinbIMy XapusnaHbiMaapas! Tanaay 6onein tabbinagsi.

I3pey ctpaterusicbl. COVID-19 naHaeMusChl xoHe xacaHabl MHTENMNEKT TEXHONMOrusnapbiH KongaHy apkbinbl 6omkay
Typanbl 9ebu aepekkesnepai 3eptrey PubMed aepekkopbiH naiganaHa oTeipbin xyprisingi. 13gey HaTwkenepiHe 2023
XbINAbIH 27 XenTokcaHblHaa TycipinreH 3,894 Gacbinbim kipegi. VOSviewer 1.6.19 6Gargapnamanbik kacakTramachiH
KongaHaTelH GUGNMOMETpUANbIK Tanaay ykcac TepMUHAEPAiH KnactepnepiH aHbikray xoHe COVID-19 nanpemusicbiHa
Kapcbl TYPY YLUIH acaHAbl MHTENMEKTTi KOMAaHy KOHTEKCTIHAE 3epTTey TakbipbiObiH TEPeH TYCiHY apKbirbl KiNT CO3AEPEiH
e3apa OaiinaHbiCbiH BU3yanuaauusanayra MymkiHaik Oeppi. Kint cesgep GoiibiHwa Kputepuiinepre COWKEC KENMEMTIH
Makananap KONMMEH arblHbIN TacTanfbl XaHe TaKbIpbINTbl KOPCETETIH XaHe BenrineHreH KpuTepuiinepre Calkec KeneTiH
€H, MaHbI3bl 23 XYMbICTbIH COHFbl XMbIHTbIFbIH KYpaabl.

KopbITbiHAbINAp. KopoHaBupyCTLIK MHMEKUMSHBIH, OpLlyiH 6omkay YLiH MOAENbAep MEH XacaHbl UHTENMEKTT
KonaaHyablH 3aMaHayu TeHAeHUusnapbl MeH nepcnekTuBanapbl CTaTUCTUKaNbIK Tandayabl, UMATaLUNAMbIK MoLenbaepiH,
MallMHamblK OKbITYObl XSHe [epekTepdi eHAipydi KaMTWTbIH NoHapanblk Tacindi kepceTedi. 3epTTey AepekTep
canacblHblH, MaHbI3abinbiFbIH, Oenrini 6ip engeri oepekTepre HerisgenreH Konamnbl anroputMAepdi TaHoaydbl XoHe
KOFamMIblK [eHCaynblK cakTay Lewimaepi MeH naHaeMusiHbl GackapyFa alTaprblKTail yrnec KOCy YLWiH kacaHgpl
WHTENNEKTTIH aneyeTiH kepceTesi.

Tytin cesdep: COVID-19, 2019-nCoV, SARS-CoV-2, andbiH ana aHbikmay, bomkxamday, xacaHObl UHmennekm,
MaWuHasbIK OKbImMy, mepeH OKbImy.
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Introduction

The COVID-19 pandemic, caused by the SARS-CoV-2
virus, has become a global challenge requiring not only
medical but also technological responses. These strategies
must be based on accurate and scientifically substantiated
information, emphasizing the importance of prior knowledge
of possible scenarios that may unfold in the future. Regular
forecasting of infection rates in the future on a daily, weekly,
or monthly basis plays a key role in decision-making for
managers facing the need to formulate policies to mitigate
consequences. This becomes particularly crucial against
the backdrop of changes in the virus spread behavior. In
this context, artificial intelligence (Al) serves as a powerful
tool for predicting and analyzing virus spread [6, 14, 18]. An
example could be the use of chatbots to provide information
about COVID-19 [12, 21]. Digital tools also enable
healthcare professionals to track infection spread in real-

time and model its development [4, 23]. Despite significant
progress in this field, there is a need for deeper research
into the potential and limitations of Al in the context of a
pandemic. Early studies have shown promising results in
the use of Al for analyzing COVID-19 spread data;
however, these methods often encounter issues related to
data quality and availability, as well as model interpretability
[3]. This study aims to analyze problems and assess the
effectiveness of using Al in forecasting the spread of
COVID-19, relying on existing research and identifying gaps
in the current understanding of this area.

The aim of this study is to analyze scientific
publications dedicated to the use of artificial intelligence in
the field of forecasting and prevention of COVID-19
infection.

The research methodology was conducted according
to the scheme presented in Figure 1.
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Figure 1. Stages of Research Analysis.

The search for literary sources was conducted in the
PubMed database. The selection of scientific works was
carried out based on keywords related to the COVID-19
pandemic and forecasting using artificial intelligence
technologies: "COVID-19", "2019-nCoV", "SARS-CoV-2",

3,894 results

“forecasting”, "prediction", "artificial intelligence", "machine
learning"”, "deep learning". As a result of the search, 3,894
publications were obtained. The results were downloaded
on December 27, 2023 (Figure 2).
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Figure 2. Trend of publications related to forecasting COVID-19 and
the use of artificial intelligence.
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The bibliometric analysis was conducted
VOSviewer software version 1.6.19, which allowed
visualizing the relationships between keywords and
identifying clusters of related terms. This approach
facilitated a deeper understanding of the researched topic,
revealing key trends and directions in the field of artificial
intelligence for combating the COVID-19 pandemic.

The exclusion of articles not meeting the keyword
criteria was done manually. From the initial pool of 3,894
works, a final set of 23 most relevant papers was selected,
reflecting the researched theme and meeting the
established search criteria.

using

Results and Discussion

Bibliometric analysis

During the analysis of publications extracted from the
PubMed database, 3,894 studies were considered. In the
course of the research, 8,836 keywords were identified. To
ensure the significance of the results, a limitation on the
minimum frequency of keyword occurrence was set at 10
mentions. According to this criterion, only 439 out of the
initial number of keywords reached the established
threshold of significance. For each of the selected
keywords, the overall strength of connections was
calculated based on the frequency of their co-occurrence

with other keywords. The selection of keywords for further
analysis was based on the highest cumulative strength of
connections, allowing for a focus on the most significant
terms in the investigated field (Figure 3, 4).
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Figure 3. Analysis of keywords with frequency of
occurrence and overall strength of connections.
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Figure 4. Data clustering using the Fractional Counting methodology.

In Figure 2, a tag cloud is presented in the form of a
network, where each node corresponds to a specific
keyword associated with COVID-19 research and related
topics. The node colors vary by clusters, which group terms
based on common themes or areas of research:

Cluster 1, highlighted in red, is tentatively labeled as
"Information Technology and Healthcare," containing 133
elements. It represents a multidisciplinary collection of
keywords related to the development and application of
artificial intelligence (Al) in the context of the COVID-19
pandemic. Terms such as "big data," "data mining," "data
science," and "cloud computing” reflect the emphasis on

using advanced analytical technologies to process large
volumes of data for monitoring and predicting the virus's
spread. Terms like "epidemiology," "public health," and
"healthcare” indicate that this cluster also addresses the
importance of collecting and analyzing epidemiological data
to inform the public and maintain population health. "Digital
health" and "telemedicine" underscore the role of
technology in providing medical services and improving
access to healthcare. The cluster also includes social
aspects of the pandemic, reflected in words such as "mental
health," "social distancing," and "quarantine," highlighting
the impact of COVID-19 on the psychological state and
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social behavior of the population. "Sentiment analysis" and
"social media" focus on the role of digital platforms in
disseminating information and sentiments related to the
pandemic. "Contact tracing," ‘"infection control," and
"personal protective equipment" point to practical measures
to combat disease spread, while "vaccination" and "vaccine"
address approaches to prevention.

Cluster 2, highlighted in green, is tentatively labeled as
"Molecular Biology and Pharmacology," consisting of 109
elements. The cluster combines terms related to
fundamental research on the SARS-CoV-2 virus and the
development of methods for treating and preventing
COVID-19. Included keywords cover a wide range of topics,
from viral genomics such as "2019-ncov," "genome, viral,"
"ra-seq" to the study of protein structures and functions, for
example, "amino acid sequence," "spike glycoprotein,
coronavirus," "protein interaction maps." A significant part of
the cluster focuses on the development of antiviral agents
and vaccines, as reflected in terms like "antiviral agents,"
"covid-19 drug treatment," "vaccines." The cluster also
emphasizes the role of bicinformatics and systems biology
in modern research: "bioinformatics," "computational
biology," "systems biology." Research in this cluster
includes both computer modeling of molecular processes
and real clinical trials, highlighting a multi-level approach to
understanding and combating the disease. Aspects of
preclinical and clinical evaluation of new drugs also occupy
a significant place in this cluster, as shown by "drug
design," "drug discovery," "clinical trials as a topic." The
inclusion of terms such as "drug repurposing" and "drug
repositioning" reflects the strategy of seeking new
applications for existing medications to treat COVID-19.

Cluster 3, highlighted in yellow, is provisionally labeled
as "Clinical Research and Patient Health Assessment" and
comprises 64 elements. This cluster focuses on clinical
aspects and consequences of COVID-19, as well as
demographic and prognostic factors influencing the disease
outcome. Terms cover patient age categories from infants
to the elderly, considering risks and outcomes associated
with each group. Keywords such as "comorbidity,"
"cardiovascular  diseases," and “diabetes mellitus"
emphasize the significance of comorbidities in the context
of COVID-19. The cluster also highlights important clinical
indicators, including "c-reactive protein" and "oxygen," used
to monitor disease severity and treatment response.
Research methods include "cohort studies," "prospective
studies," and ‘"retrospective studies," underscoring the
importance of long-term and retrospective analysis of the
virus's impact on health. The cluster also encompasses
technological and methodological terms like "machine
learning," "predictive model," and "xgboost," emphasizing
the role of analytical models in understanding and
predicting disease outcomes.

Cluster 4, highlighted in blue, is provisionally labeled as
"Artificial Intelligence in  Medical Visualization and
Diagnosis" and comprises 56 elements. This cluster is
centered on key terms related to the use of Al algorithms,
particularly convolutional neural networks (CNN), for
analyzing medical images such as chest X-rays and CT
scans in the context of detecting and diagnosing COVID-19.
Terms indicating deep learning and computer vision, such
as "deep learning," "feature extraction,” and ‘image

classification,”" play a crucial role in automating the
interpretation of medical images. Elements related to the
diagnosis of specific lung diseases, including pneumonia
and tuberculosis, underscore the importance of accuracy
and precise identification in image processing. Additionally,
the cluster includes concepts related to explainable Al
crucial for increasing transparency and understanding of
decisions made by algorithms. Technologies improving
image quality and data for model training, such as "data
augmentation” and "transfer learning," are also mentioned.

Cluster 5, highlighted in purple, is denoted as
"Laboratory Diagnostics” and comprises 46 elements. The
cluster includes keywords related to the automation and
improvement of laboratory procedures, encompassing
cutting-edge biosensor technologies, computer-assisted
interpretation of medical images, and precise laboratory
analysis methods. Elements such as "covid-19 nucleic acid
testing" and "rt-pcr" draw attention to the critical role of
molecular diagnostics in the identification and monitoring of
COVID-19 infections. The cluster also emphasizes the
significance of early diagnosis and data accuracy, crucial in
the context of public health during the pandemic. Terms
related to "point-of-care testing” and "mass screening"
indicate a commitment to ensuring widespread access to
diagnostic services and enhancing the efficiency of
screening programs. Keywords like "lung ultrasound" and
"thoracic radiography" reflect the importance of visualization
methods in diagnosing viral pneumonias and other lung
conditions caused by COVID-19.

Cluster 6, highlighted in blue, is denoted as "Modeling
and Analysis of the Environmental Impact on the Pandemic"
and consists of 30 elements. The cluster focuses on the
interaction between the environment and the pandemic,
including the study of air quality ("air pollution," "air
pollutants"), environmental monitoring, and the analysis of
wastewater as indicators of COVID-19 spread. The
integration of machine learning and artificial neural
networks, including "LSTM" (Long Short Term Memory) and
"Random Forest," underscores the application of these
methods for predicting and analyzing disease incidence, as
well as assessing their socio-economic impact. Terms
related to geographical areas ("africa," "brasil," "china,"
"europe," etc.) emphasize the global dimension of health, as
well as the importance of travel and population movement
in the pandemic context. Cluster 6 also includes statistical
and biological models, highlighting the significance of data
and statistical analysis in understanding and responding to
the pandemic.

Cluster 7, highlighted in orange, contains a single
element - "intelligence." The term may indicate a unique
area of research that has not gained widespread attention
in the context of COVID-19-related studies.

The analysis of COVID-19 and artificial intelligence
research clusters reveals the interdisciplinary nature of
current efforts in the field of medical science and technology
[20, 22]. From the use of data and information systems in
healthcare to molecular biology and pharmacology,
research is unified by the common goal of developing
strategies to combat the pandemic. Keyword analysis has
identified key themes crucial for predicting, diagnosing, and
treating COVID-19, emphasizing the role of accuracy in
clinical trials and the significance of public health [18].
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These clusters illustrate a global approach to tackling the
pandemic, spanning from fundamental research to applied
medical technologies.

Thus, modern directions and prospects for the
application of models and artificial intelligence for
forecasting COVID-19 outbreaks point to the necessity of a
multidisciplinary approach, including statistical analysis,
simulation models, machine learning, and intelligent data
analysis. The study underscores the importance of data
quality, the selection of appropriate algorithms based on
specific country data, and the potential of artificial
intelligence to make a significant contribution to decision-
making in the field of public health and pandemic
management [2, 10].

Multidisciplinary Approaches in Modeling and
Artificial Intelligence for Predicting COVID-19 Outbreaks

The application of Artificial Intelligence (Al) and
Machine Learning (ML) models in predicting and managing
COVID-19 outbreaks is a significant area of research. A
literature review demonstrates that various Al techniques,
including neural networks, deep learning, and simulation
tools, have been employed to forecast the spread of
COVID-19, assess the impact of intervention measures,
and aid decision-making processes for healthcare systems
and government policies [1, 5, 11].

Simulation models have been identified as primary tools
for predicting the spread of COVID-19, providing the ability
to model the virus's spread over large areas and within
individual facilities. These models describe the structures
and behavior of systems at different levels, highlighting their
key elements, and allow for the testing of hypotheses on
how certain measures might affect morbidity.

Al-driven tools have also been used for coronavirus
outbreak management, such as identifying possible COVID-
19 cases more quickly using mobile phone-based surveys,
especially when cities and towns are under quarantine. This
method could reduce the spread of the virus in susceptible
populations [19].

The effectiveness of Al in infection prevention and
control during the first wave of COVID-19 in China has been
systematically assessed, showing that Al had significant
effects on screening and detecting the disease, monitoring
and evaluating the epidemic evolution, and aiding in
production resumption in cities with high risk to reopen [13].

Furthermore, the literature review reveals that the input
data quality is a key element that affects the forecast
result's quality. The original data may be incomplete,
contradictory, or even partially inaccurate, and methods
exist to obtain stable simulation results despite defects in
the original data [15].

Research based on literary data highlights the
importance of using artificial intelligence for modeling the
spread of COVID-19. Promising methodologies, largely
leveraging  existing machine learning  algorithms,
demonstrate high accuracy in creating epidemiological
models. Trends include the utilization of public data,
algorithm comparisons, and the creation of hybrid models.
However, despite numerous preprint materials, it is
important to note that not all of them are of sufficient quality,
and the decision to use such data should be cautious.

Along with this, machine learning methods such as
neural networks and LSTM (Long Short-Term Memory
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networks) demonstrate high effectiveness in forecasting the
number of new cases. Analyzing the performance of models
using metrics such as RMSE (root mean squared error),
MAE (Mean absolute error), R2 (coefficient of
determination), and MAPE (Mean absolute percentage
error) allows for comparing prediction accuracy. Applying
these methods can assist in accurately shaping policies,
selecting effective measures, and avoiding unsuccessful
constraints [7].

In terms of research methodology, it is crucial to select
the most accurate learning algorithm based on the temporal
distribution of infection evolution data for a country. An
intelligent agent integrated within an automated Al system
can analyze the trend of infection growth in a country and
select the most accurate algorithm for that country [8, 16-
17].

Lastly, the challenges and potential directions for Al in
fighting against COVID-19 are discussed, with a focus on
medical image inspection, genomics, drug development,
and transmission prediction, highlighting that Al still has
great potential in this field.

In summary, the current trends and perspectives in the
application of models and Al for predicting COVID-19
outbreaks demonstrate a multidisciplinary approach
involving statistical analysis, simulation models, machine
learning, and intelligent data analysis. The research
emphasizes the importance of data quality, the selection of
appropriate algorithms based on specific country data, and
the potential for Al to contribute significantly to public health
decision-making and pandemic management.

Conclusion

The application of artificial intelligence (Al) in
addressing the COVID-19 pandemic has become a key
area of research, where Al methods are used for various
purposes, including diagnosing COVID-19 cases, detecting
suspicious cases through computer tomography (CT) and
X-ray images, laboratory tests, genomic sequences, and
respiratory patterns. Bibliometric analysis of Al application
in combating COVID-19 has highlighted Al's major
contributions in disease detection and diagnosis, virology
and pathogenesis, drug and vaccine development,
epidemic forecasting, and transmission. Al has also been
used for infodemiology and information provision, analyzing
data from social platforms to assess public concerns, risk
perception, and tracking societal behavior in response to
the outbreak. In China, the development of Al has played a
significant role in screening and detecting COVID-19,
monitoring and evaluating the epidemic's evolution, and
aiding in the recovery of production in high-risk cities for
resuming work.

Thus, current trends and prospects for Al application in
forecasting and managing COVID-19  outbreaks
demonstrate a multifaceted approach, including statistical
analysis, simulation models, machine learning, and
intelligent data analysis. The research underscores the
importance of data quality, the selection of appropriate
algorithms based on a country's specific data, and the
potential of Al in significantly contributing to decision-
making in public health and pandemic management.
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