Serbian Dental Journal, vol. 68, N°3,2021 | 143

§ sciendo

REVIEW ARTICLE
PREGLED LITERATURE

DOL: https://doi.org/10.2298/SGS2103143)
UDC: 616.98:578.834; 616:007.2

Artificial intelligence as a powerful tool in overcoming
substantial health problems of the COVID-19 pandemic

Vukoman Jokanovic'?, Marija Zivkovié, Slavoljub Zivkovi¢*

'ALBOD doo, Belgrade, Serbia;

?Institute of Nuclear Sciences ,Vinca’, Belgrade, Serbia;

*University of Belgrade, School of Dental Medicine, Clinic for Orthodontics, Belgrade, Serbia;

“University of Belgrade, School of Dental Medicine, Clinic for Restorative Dentistry and Endodontics, Belgrade, Serbia

SUMMARY

Introduction This review aims to investigate modern methods of applying artificial intelligence to diagnose SARS
Cov-2 and predict the development of potential emergencies.

Methods The most commonly used electronic databases, such as Scopus and Medline during 2020, were searched. A
narrative approach was used to synthesize the extracted data.

Results In this review paper, it has been shown that the application of artificial intelligence plays a significant role in
virus diagnosis and prognosis in clinical trials. It allows resources to be used much more rationally, such as respira-
tors, in hospitals, during the treatment of SARS Cov-2 and the prediction of possible mortality. The obtained results
are from the analysis performed on 120 papers and studies that were electronically taken from papers published on
Scopus and Pub Med line. Most commonly used artificial intelligence techniques are convolutional neural networks
and machine learning.

Conclusions Included studies showed that artificial intelligence can significantly improve the treatment of SARS Cov-
2, although many of the proposed methods have not yet been clinically accepted. In addition, more effort is needed
to develop standardized reporting protocols or guidelines on applying artificial intelligence into conventional clinical
practice. This technology is suitable for fast and accurate diagnosis, prediction and monitoring of current patients and

prognosis of disease development in future patients.
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INTRODUCTION

Data from a large number of patients with COVID-19
can be integrated and analyzed using machine learning
algorithms to have better understanding of the pattern
of virus spread, improve diagnostic speed and accuracy,
develop new practical therapeutic approaches, and identify
the most vulnerable populations based on individual ge-
netic and physiological characteristics. Machine learning
techniques are used in the taxonomic classification of the
COVID-19 genome, the CRISPR-based COVID-19 detec-
tion test, predicting the survival of severely ill COVID-19
patients, and identifying potential candidates for an-
ti-COVID-19 drugs [1, 2, 3].

The recent discovery that more and more young adults
are suffering from severe COVID-19 symptoms has chal-
lenged an earlier observation that older people are at high-
er risk for COVID-19, indicating urgent need for compre-
hensive risk assessment based on personalized genetic
and physiological characteristics. The human enzyme for
the conversion of angiotensin 2 (ACE2), expressed in the
epithelial cells of the lung, small intestine, heart, and kid-
ney, is the entry receptor for the glycoprotein SARS-CoV-2

spike. Some researchers believe that increased ACE2 ex-
pression, using drugs that stimulate ACE2 for treatment of
hypertension and diabetes, worsens the clinical outcomes
of COVID-19 infection [3,4].

Accordingly, the biochemistry (ACE2 expression lev-
el) and clinical data (age, respiratory pattern, viral load,
and survival) of patients with COVID-19 can be analyzed
by machine learning approaches to predict risk based on
ACE2. Genetic polymorphism that has been shown in
ACE2, conditioned by various genetic variations in the
human genome, affects the efficiency of virus binding;
therefore, the analysis of machine learning of genetic
variants in asymptomatic, mild or severe patients with
COVID-19 is performed to classify and predict patient
resistance to potential COVID-19 infection [2, 5].

Neural network classifiers have been developed for
extensive screening of patients with COVID-19 based on
their different respiratory patterns and for analysis of tho-
racic CT images based on machine learning to automat-
ically detect infected patients and monitor them during
disease development [2-5].

Chest X-ray and CT produce a large amount of data
on COVID-19 very quickly, enabling the development of
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machine learning algorithms, as well as other forms of
artificial intelligence. Methods that are highly adapted to
the application of artificial intelligence, especially when it
comes to diagnostics, are observed in this paper. Also, huge
data files originating from various countries of the world
have led to rapid development of artificial intelligence ap-
plications, that aim to speed up diagnosis and help eluci-
date various factors that affect the rate of transmission of
this disease and the severity of the expected clinical pic-
ture are particularly discussed. The availability of objective
tools for rapid assessment of patient health helps health
professionals make difficult decisions about allocating
scarce resources. For COVID-19, training of algorithms for
predicting outcomes such as mortality, admission to the
intensive care unit or the need for mechanical ventilation
had a significant clinical effect. Availability of multiple
chest X-rays at an early stage of the patient’s disease, with
accompanying respiratory disorders, are the strongest pre-
dictor of long-term outcome diseases. The inclusion of
sequential chest X-rays in training artificial intelligence
models reveals many pictorial characteristics of disease
progression, which are inaccessible to human eye [5, 6].

In addition, machine learning to detect drugs allows the
design and creation of new compounds similar to drugs
against SARS-CoV-2.1It can point us to protein structures
that could be the basis of COVID-19 drugs, greatly accel-
erating traditional experimental approaches and serving
as valuable information for formulating the COVID-19
vaccine [7].

Artificial intelligence and machine learning help us
identify people who are most at risk for coronavirus infec-
tion by integrating electronic health records with a wealth
of “data that is personal in nature and speaks to patients’
habits”. They can also determine which infected patients
are more likely to get a more severe form of infection [8].

Because the symptoms and development of COVID-19
disease vary significantly from patient to patient, a simple
approach to treatment is not applicable. Machine learn-
ing techniques can help us determine the most effective
treatment for each patient based on observation data
from previous patients, as it helps us answer key ques-
tions about when to undertake a therapeutic procedure.
Machine learning can help us choose specific treatments
for specific subgroups of patients to understand which
treatments are appropriate for the population as a whole
(8,9].

Machine learning as a tool in protection against
COVID-19

As the main methods of diagnostic imaging of patients,
chest X-ray and CT quickly produced a large amount of
data on COVID-19, enabling the development of ma-
chine learning algorithms, increased due to the existence
of a pandemic, which has led to numerous publications
around the world reporting on the applications of artificial
intelligence to all aspects of diagnosis and treatment of
COVID-19 [10].

When applying artificial intelligence to COVID-19,
research questions run the risk of focusing too much

on creating new machine learning models without con-
sidering its practical application and potential biases.
Occasionally, the speed and accuracy of machine learning
algorithms are derived based on performance in clini-
cal scenarios that do not reliably reflect clinical practice.
Sometimes comparisons between algorithm and human
performance are unbalanced. In most cases, computer is
trained to detect a particular abnormality (e.g., parenchy-
mal diseases associated with COVID-19), while a radiol-
ogist is usually responsible for detecting any abnormal-
ity (such as pulmonary nodules or pulmonary emboli).
Machine-based CT analysis is a promising COVID-19
screening tool and sometimes exceeds the reliability of
PCR tests [11, 12].

Studies conducted during the pandemic were charac-
terized by a high prevalence of the disease and the nature
of the disease in selected participants, whose severity of
the disease justified hospital admission and CT assess-
ment. Ideally, algorithms should be trained to recognize
the full spectrum of diseases, including asymptomatic and
early-stage cases, so that machine-assisted CT interpre-
tation can be reliably applied to real-world data. Further,
consensus must be reached on the best data labeling strat-
egy and whether to include only patients with real-time
PCR-positive SARS-CoV-2 infection. It should be decided
whether the data labeling should contain multidisciplinary
information such as cough or fever, how the participant’s
exposure to an infected household member changes the
training algorithm, etc. In most cases, machine-learning
algorithms develop on retrospective, clinically indicated
data that are often imperfect. Additionally, it is necessary
to include the noise effect to improve the algorithm’s clin-
ical applicability [13, 14].

Without any doubt, COVID-19 offers many exciting
opportunities for applied artificial intelligence research.
As we learn more about the history of COVID-19, it is
becoming increasingly clear that the disease is progressing
in stages. The need to prevent deterioration and person-
alize preventive interventions has emerged as a priority.
Currently, research on images focuses on diagnosis based
on the appearance after the disease progresses. Detection
of the disease in the earliest stages, when initiating appro-
priate therapy is most effective, would be useful to develop
a prognostic tool, for many lung diseases, especially in
combination with clinical data, which is especially im-
portant for patients who need intensive care and support
for ventilation [15, 16].

An untapped resource in COVID-19 patients is the
availability of chest X-rays at multiple time points in the
early stages of the patient’s disease. In other respiratory
disorders, short-term disease behavior is the strongest pre-
dictor of long-term outcome. By including sequential chest
X-rays in model training, new imaging features of disease
progression can be detected, including those inaccessible
to human eye. In general, although patients with comorbid
diseases represent a population at high clinical risk, it is
currently not possible to identify patients without under-
lying health problems but who also often develop similar
disease progression. The availability of objective tools for
rapid assessment of the patient’s condition would help



healthcare professionals make difficult decisions about
allocating scarce resources [17,18].

Machine learning algorithms are often modular, which
means that new algorithms generated during this pan-
demic could be successfully repurposed for other lung
diseases in the future. There will always be a balance of
risk and speed, and the key to this balance is defining the
needs for which the solutions will have the most signifi-
cant clinical value. With the right collaboration between
clinical expertise and machine learning expertise, the
current public health crisis could mark the beginning of
a decade when artificial health intelligence is fulfilling its
broad, transformative clinical impact [18, 19].

Advantages of application of artificial intelligence
in COVID-19 diagnostics

The main advantage of machine learning is its ability to
“learn” how an individual’s characteristics (risk factors),
along with clinical and social information, can be mapped
into personalized risk predictions. Although standard ep-
idemiological approaches, such as Cock’s model of pro-
portional hazards, are not able to effectively combine data
from different data sources and modalities (demographic,
social, longitudinal, image, multi-omics), modern neural
network-based learning techniques can easily and effi-
ciently provide personalized risk predictions, updating
them and improving the possibilities of their use. Such risk
prediction mechanisms can be used to prevent, monitor
and detect disease [20].

For people who are already infected with SARS-CoV-2,
it is crucial to anticipate the risk of adverse events (in-
cluding death) and the dynamics of the necessary health
resources to provide appropriate care to patients. Key risk
factors are the patient’s age and / or the presence of co-
morbidities, such as hypertension, cystic fibrosis, trans-
plant-related immunosuppression, and chemotherapy
for cancer. Current risk assessment methods for infected
patients use only a few factors (assessment of clinical
weakness, number of comorbidities, previous therapeutic
procedures, and administrative data from previous hospi-
tal admissions, to assess which patients are most at risk.
These relatively simple approaches may be appropriate
in the acute stages of an epidemic. However, they fail to
capture and explain subtle interactions between age, spe-
cific comorbidities (including duration), assessments of
the extent of organ dysfunction, and the impact of other
relevant health factors [21, 22].

Reliance on such measures often leads to discovering
previously undetermined, completely new risk factors
- that is especially important for diseases that little is
known about. These methods provide increasingly ac-
curate subtypes of COVID-19 disease as more data are
collected. They can define an estimate of the probabili-
ty with which a patient may experience various adverse
events and change that probability over time, allowing for
improved prediction accuracy compared to conventional
epidemiological methods [23].

As mentioned, patients diagnosed with COVID-19 have
many possible disease outcomes in terms of incubation
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time and changes in lung oxygen capacity, and the devel-
opment of disease severity. It provides a way to predict
the dynamics of the patient’s disease progression and an
understanding of how certain events (worsening of symp-
toms) can abruptly change the dynamics of the disease.
This is essential for rational use of systems that enable
dynamic management of limited health resources [24, 25].

When it comes to patients, it is essential to know which
patients require early admission to the hospital, when a
patient can safely leave intensive care or be discharged
from the hospital. Such timely admission and discharge
questions are often answered based on simple basic rules
(e.g., examining the latest measurements for several se-
lected variables and making decisions based on limit val-
ues). However, such decisions should include data from
the history of each patient. Using all available observations
at any time, artificial intelligence, has the possibility of
a deeper understanding of the patient’s condition, and
it can participate in making such a decision, predicting
the patient’s future health needs, pointing to significant
predictors of the patient’s treatment outcome (specific
comorbidities that are likely to worsen the patient’s prog-
nosis with COVID-19) [26,27].

Monitoring and collecting health data is expensive be-
cause it takes a lot of time and staff engagement, although
not all data is equally valuable. Therefore, it is necessary
to set priorities, what we must actively measure, when it
should be measured, and on which patients and the mon-
itoring of each patient should be active and transparent.
Active reading of data and their appropriate selection by
importance enable institutions to dynamically allocate
hospital resources depending on the needs of their pa-
tients. This, in turn, allows physicians to make competent
decisions about delaying treatment for conditions that are
not immediately life-threatening so that resources can
be used for critically ill patients with COVID-19 [28, 29].

Models based on artificial intelligence make it possible
to monitor and determine the effects of existing medical
treatments of individuals, given their specific features,
which include existing comorbidities, creating conditions
for choosing the best approach to treatment for each pa-
tient, which includes the use of mechanical ventilation
and potentially new therapeutic treatments. Models based
on Gaussian processes of contradictory generative net-
work and deep neural network can help in experimental
treatment phases, based on observational data, without
resorting to randomized trials [30, 31].

They answer questions “what would happen to a given
patient if mechanical ventilation were delayed for a few
hours?” or “What would be the outcome of treatment if
the appropriate experimental care procedure has been ap-
plied a week earlier? This can help us learn the best treat-
ment plan for each individual when it comes to available
health resources. This is not just about which intervention
should be applied for each patient individually, but also
about when a given patient needs a specific intervention,
which is extremely important, given the limited available
resources [32,33].

Using longitudinal patient observation data, the coun-
terfeit recurrence network is learned to predict counterfeit
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health pathways according to different management plans
for each individual. Such predictions can be made dynam-
ically by modeling and updating the patient’s condition
over time to account for all past medical events. This way,
it is possible to determine the time frame during which the
intervention would be most effective and select a specific
sequence of interventions that would result in the best
outcome for each patient. In addition, this method can
show when interventions, such as a mechanical ventilator,
are not necessary for the patient and for how long their
use can be delayed without significant deterioration in the
patient’s health [34, 35, 36].

Recently, improving the design of adaptive clinical
trials has shown that their efficiency and effectiveness
can be significantly improved through machine learning.
Customizable ML-enabled clinical trials in recruiting pa-
tients in groups (instead of all at once), monitoring its
effect on each group before recruiting the next group, so
that instead of randomly recruiting patients, machine
methods the studies make it possible to recruit subjects
from the subgroups, more suitable for a particular type of
treatment, thus requiring much fewer patients to check the
effectiveness of treatment with a given drug. Another im-
portant application of ML in the field of RCT is a post-hoc
analysis of clinical trials and in particular, identification
of subpopulations that show the most similar response to
a given type of treatment, which facilitates the treatment
of specific subpopulations and understanding treatments
that might be appropriate for the population as a whole
[37,38].

The problem of biased machine learning models can
be solved by transfer learning methods, which implicitly
deal with uncertainty in predicting individuals from pop-
ulations not used for training. International cooperation
could create an extensive data set containing data from
multiple infected populations, and a unique two-step risk
assessment model can be trained for such a data set and
applied worldwide. Transfer learning models work well
for disease prognosis in different countries or health sys-
tems [39].

Transfer learning is desirable for transferring models
between populations and updating machine learning
models for a given population over time. It shows how
the disease develops within a given population over time,
linking it to certain specifics of the patients themselves,
using successive data series developed by Bayesian opti-
mization technique to update the model with new infor-
mation. When we provide information-based information
to decision-makers based on artificial intelligence systems,
it is important to determine what we know reliably and
what we do not know. For this purpose, a technology has
been developed to systematically quantify uncertainties
in predictions, which follow from the machine-learn-
ing model. All data entered must include a confidence
assessment so that decision-makers know when and for
which patients they can trust the predictions provided by
the artificial intelligence system and when they should
be careful about the information obtained. Quantifying
uncertainty in predicting outcomes at the patient level is
crucial for hospitalization management and for making

optimal therapeutic decisions. The obtained confidence
interval in machine learning should cover the true out-
come [40-48].

CONCLUSIONS

The application of methods based on artificial intelligence
can be achieved through three levels of human-machine
interface: Interface at the individual level, implies the
existence of mobile applications powered by GPS, which
individuals install on their mobile phones. These applica-
tions can be used to target social distancing by informing
individuals that they are in high-risk geographic locations
where a significant number of COVID-19 cases have been
diagnosed or where a significant number of virus carriers
are currently present. The application of this system can
be primarily based on software applications, which can be
quickly connected to GP patient registries held in the NHS.

For public health risk assessments, the existing hos-
pital EHR infrastructure can be supplemented with risk
modeling applications that show alert clinicians to new
risks in patients in each hospital. Such applications can be
used for remote diagnosis and care of self-isolated per-
sons with evident disease symptoms. The application of
models based on artificial intelligence in hospitals relies
on the existing hardware infrastructure to connect input
data streams with software (driven by machine learning
models). It shows the risks for patients at the clinical level.

At the national level, the artificial intelligence-human
interface enables government officials and decision-mak-
ers to continuously update the latest epidemiological data
on COVID-19, with a geographically stratified overall risk
assessment and hospital occupancy rate for the entire
population. This application can be directly linked to the
NHS patient registration database and other applications
to collect data on the risk to which a given population is
exposed, enabling administrators to make selective stra-
tegic decisions about which locations to lock and which
hospitals need more funding.
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KRATAK SADRZA)

Uvod Cilj ovog rada bio je da istrazi savremene metode primene vestacke inteligencije u dijagnozi virusa SARS Cov-2 i da predvidi
razvoj potencijalnih hitnih stanja.

Metode Pretrazene su najcesce koriscene elektronske baze podataka, npr. Scopus i Medline, tokom 2020. godine. Za sintezu dobi-
jenih podataka koriséen je narativni pristup.

Rezultati U ovom preglednom radu pokazalo se da primena vestacke inteligencije igra veoma vaznu ulogu u dijagnozi i prognozi
virusa u klini¢kim ispitivanjima. Omogucava da se resursi (kao $to su respiratori u bolnicama) koriste mnogo racionalnije tokom
lecenja SARS Cov 2 i predvidanje moguceg mortaliteta. Rezultati su dobijeni nakon analize izvedene na 120 radova i studija koje su
elektronski preuzete iz radova objavljenih u bazama podataka Scopus i Pub Medline. Najéesce koris¢ene tehnike vestacke inteligencije
su konvolucione neuronske mreze i uenje uz pomo¢ racunara.

Zakljucci Obuhvacene studije pokazale su da vestacka inteligencija ima potencijal da znacajno poboljsa leCenje SARS Cov-2, iako
mnoge od predlozenih metoda jo$ uvek nisu klinicki prihvacene. Iz toga sledi da je potrebno mnogo vise napora za razvijanje stan-
dardizovanih protokola izvestavanja ili smernica o tome kako primeniti veStacku inteligenciju na konvencionalnu klini¢ku praksu.
Ova tehnologija je pogodna za brzu i tacnu dijagnozu, predvidanje i pracenje pacijenata, odnosno prognozu razvoja bolesti kod

buducih pacijenata.

Kljucne reci: ucenje uz pomo¢ racunara; vestacka inteligencija; snimanje; RTG snimanje grudnog kosa; CT

uvobD

Podaci velikog broja pacijenata sa bole§¢u COVID-19 mogu
se integrisati i analizirati uz pomocu algoritama na ra¢unari-
ma kako bi se bolje razumeo obrazac $irenja virusa, poboljSala
brzina dijagnostike, razvili novi efikasni terapijski pristupi i
identifikovali najugroZeniji pripadnici populacije na osnovu
individualnih genetskih i fizioloskih karakteristika. Tehnike ma-
$inskog ucenja koriste se u taksonomskoj klasifikaciji genoma
COVID-19, testu otkrivanja bolesti COVID-19 zasnovanog na
detekcionom testu CRISPR, u predvidanju prezivljavanja tesko
bolesnih pacijenata sa boles¢u COVID-19 i u identifikovanju po-
tencijalnih kandidata za lekove protiv bolesti COVID-19 [1,2, 3].

Ranije zapazanje da su stariji ljudi pod ve¢im rizikom od
bolesti COVID-19 ponovo je postalo upitno nedavnim otkri-
¢em da sve viSe mladih pati od ozbiljnih simptoma bolesti
COVID-19, $to ukazuje na hitnu potrebu za sveobuhvatnom
procenom rizika na osnovu personalizovanih genetskih i fizio-
loskih karakteristika. Ljudski enzim za konverziju angiotenzina
2 (ACE2), izrazen u epitelnim Celijama pluca, tankog creva, srca
i bubrega, ulazni je receptor za glikoproteinski SARS-CoV-2
protein. Neki istraziva¢i veruju da povecana ekspresija ACE2,
do koje dolazi kori$¢enjem lekova koji stimulisu ACE2 za le-
Cenje hipertenzije i dijabetesa, moze pogorsati klinicke ishode
infekcije COVID-19 [3,4].

Shodno tome, biohemijski rezultati (nivo ekspresije ACE2)
i klini¢ki podaci (starost, respiratorni obrazac, virusno optere-
Cenje i prezivljavanje) pacijenata sa boles¢u COVID-19 mogu
se analizirati u¢enjem uz pomoc¢ ra¢unara i predvideti rizik na
osnovu ACE2. Pokazalo se da genetski polimorfizam ACE2,
uslovljen raznim genetskim varijacijama u ljudskom genomu,
utice na efikasnost vezivanja virusa, pa se analizom uz pomo¢
ra¢unara kod asimptomatskih i pacijenata sa blagom i teskom

klini¢kom slikom moze predvideti otpornost pacijenata na mo-
gucu infekciju COVID-19 [2, 5].

Na osnovu razli¢itih respiratornih obrazaca, kao i analize
torakalnih CT snimaka zasnovanih na masinskom ucenju,
razvijeni su Kklasifikatori neuralne mreZe za opsezni skrining
pacijenata sa boles¢u COVID-19, kako bi se automatski otkrili
zaraZeni pacijenti i nadgledali tokom razvoja bolesti [2-5].

U ovom radu uoceno je da RTG i CT grudnog kosa daju
vrlo brzo veliku koli¢inu podataka o bolesti COVID-19, omo-
gucavajudi razvoj algoritama rac¢unarskog ucenja kao i drugih
oblika vestacke inteligencije, prilagodenih za brzu dijagnostiku.
Takode, posebna paznja je posvecena ogromnim datotekama sa
podacima poreklom iz razli¢itih zemalja sveta koje su dovele do
brzog razvoja aplikacija vestacke inteligencije, sa ciljem ubrzanja
dijagnoze i pomo¢i u rasvetljavanju uticaja razli¢itih faktora koji
uti¢u na brzinu prenosa bolesti i tezinu o¢ekivane klinicke slike.
Dostupnost objektivnih alata za brzu procenu zdravlja pacijenta
pomaze zdravstvenim radnicima da donesu pravilne odluke o
raspodeli oskudnih resursa. Za COVID-19, algoritmi kao $to su
smrtnost, prijem u jedinicu intenzivne nege ili potreba za meha-
ni¢kom ventilacijom imaju znac¢ajan klinicki efekat. Dostupnost
viSestrukog rendgenskog snimanja grudnog ko$a u ranoj fazi
bolesti, sa prate¢im respiratornim poremecajima, najsnazniji je
prediktor dugoro¢nih ishodnih bolesti. Ukljuc¢ivanje sekvenci-
jalnih rendgenskih snimaka grudnog kos$a u modele vestacke
inteligencije otkriva mnoge karakteristike progresije bolesti,
koje su nevidljive ljudskim okom [5, 6].

Pored toga, uCenje uz pomo¢ ra¢unara omogucava i njihov
dizajn, ali i stvaranje novih jedinjenja i sli¢nih lekova protiv
SARSCoV-2. Moze nas uputiti na proteinske strukture koje
mogu biti osnova lekova koji mogu ubrzati tradicionalne ek-
sperimentalne pristupe i pruZiti dragocene informacije za for-
mulaciju vakcine protiv bolesti COVID-19 [7].
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Vestacka inteligencija i masinsko u¢enje mogu pomoci u
identifikaciji ljudi koji su najvi$e izloZeni riziku od infekcije
koronavirusom integriSu¢i elektronske zdravstvene kartone sa
brojnim podacima li¢ne prirode koji govore o navikama pacije-
nata. Ve$tacka inteligencija i masinsko u¢enje mogu pomoc¢i da
se utvrdi kod kojih pacijenata je veca verovatnoca da ¢e dobiti
teZi oblik infekcije [8].

Budud¢i da se simptomi i razvoj bolesti COVID-19 uveliko
razlikuju od pacijenta do pacijenta, jednostavan pristup lecenju
nije primenljiv. Tehnike masinskog u¢enja mogu pomoc¢i da
se odredi najefikasniji tretman za svakog pacijenta na osnovu
podataka posmatranja prethodnih pacijenata, jer pomazu da se
odgovori na klju¢na pitanja o tome kada treba preduzeti terapij-
ski postupak. Maginsko uc¢enje nam moze pomoci da odaberemo
specifi¢ne tretmane za odredene podgrupe pacijenata da bismo
razumeli koji su terapijski postupci prikladni za populaciju u
celini [8,9].

Racunarsko ucenje kao sredstvo za zastitu od bolesti
COVID-19

Kao glavne metode za postavljanje dijagnoze, rendgen i CT
grudnog kosa brzo su proizveli veliku koli¢inu podataka o bo-
lesti COVID-19 i omogucili razvoj algoritama masinskog ucenja,
povecanih zbog postojanja pandemije, $to je dovelo do brojnih
publikacija $irom sveta o primeni ve$tacke inteligencije na sve
aspekte dijagnoze i le¢enja bolesti COVID-19 [10].

Kada primenjuju vestacku inteligenciju na bolest COVID-19,
istrazivacka pitanja rizikuju da se previse usredsrede na stva-
ranje novih modela masinskog ucenja, pri Cemu ne uzimaju u
obzir njegovu prakti¢nu primenu i potencijalne pristrasnosti.
Povremeno se brzina i ta¢nost algoritama masinskog ucenja izvo-
de na osnovu performansi u klinickim scenarijima koji ne odra-
Zavaju potpuno klini¢ku praksu. Ponekad su poredenja izmedu
algoritma i ljudskih karakteristika neuravnotezena. U ve¢ini slu-
Cajeva, ra¢unar je obuden za otkrivanje odredene abnormalnosti
(npr. parenhimske bolesti povezane sa boles¢u COVID-19), dok
je radiolog obi¢no odgovoran za otkrivanje poremecaja (kao $to
su pluéni ¢vorovi ili pluéne embolije). Masinska CT analiza je
obecavajuci alat za skrining bolesti COVID-19 i ponekad pre-
masuje pouzdanost PCR testova [11, 12].

Studije sprovedene tokom pandemije pokazale su visoku
prevalencu bolesti i prirodu bolesti kod izabranih u¢esnika ¢ija
je tezina bolesti zahtevala prijem u bolnicu i CT procenu. U
idealnom slucaju, algoritme treba prilagoditi za prepoznavanje
Citavog spektra oboljenja, uklju¢ujuci asimptomatske slucajeve i
slu¢ajeve u ranoj fazi, kako bi se interpretacija CT uz pomo¢ ra-
¢unara mogla pouzdano primeniti na podatke u realnom svetu.
Dalje, mora se postici konsenzus o tome koja je najbolja stra-
tegija odabira podataka i da li treba ukljuditi samo pacijente sa
pozitivnim PCR testom na infekciju SARS-CoV-2. Treba odluciti
dali podaci treba da sadrze multidisciplinarne informacije kao
$to su prisustvo kaslja ili temperature, i kako izloZenost ucesnika
studije menja algoritam zarazenom ¢lanu domacinstva. U ve¢ini
slu¢ajeva algoritmi racunarskog ucenja se razvijaju na osnovu
retrospektivnih klinickih podataka, koji su ¢esto nesavr$eni.
Pored toga, neophodno je ukljuciti i efekat buke kako bi se po-
bolj$ala klini¢ka primenljivost algoritma [13, 14].

Nesumnjivo, COVID-19 nudi mnoge mogu¢nosti za pri-
menjena istrazivanja vestacke inteligencije. Kako sve vide

saznajemo o istoriji bolesti COVID-19, postaje sve jasnije da
bolest napreduje u fazama. Potreba za spre¢avanjem pogorsanja
i personalizacijom preventivnih mera pojavila se kao prioritet.
Trenutno se istrazivanja fokusiraju na dijagnozu zasnovanu na
izgledu nakon napredovanja bolesti. Otkrivanje bolesti u najra-
nijim fazama, kada je zapocinjanje odgovarajude terapije najefi-
kasnije, bilo bi korisno za razvoj prognostickih alata za mnoga
plu¢na oboljenja, $to je posebno vazno za pacijente kojima je
potrebna intenzivna nega [15, 16].

Neiskori$¢eni resurs kod pacijenata sa boles¢u COVID-19 je
dostupnost rendgenskog snimanja grudnog ko$a u vise vremen-
skih intervala u ranim fazama bolesti. Kod ostalih respirator-
nih poremecaja kratkotrajni tok bolesti je najsnazniji prediktor
ishoda oboljenja. Uklju¢ivanjem sekvencijalnih rendgenskih
snimaka grudnog ko$a u model, mogu se otkriti nove karak-
teristike napredovanja bolesti, uklju¢ujuci i one nedostupne
ljudskom oku. Generalno, iako pacijenti sa komorbiditetima
predstavljaju populaciju sa visokim klini¢kim rizikom, trenutno
nije moguce identifikovati pacijente bez osnovnih zdravstvenih
problema, kod kojih se Cesto razvija sli¢na progresija bolesti.
Dostupnost objektivnih alata za brzu procenu stanja pacijenta
pomogla bi zdravstvenim radnicima u donosenju teskih odluka
u situacijama sa oskudnim resursima [17, 18].

Algoritmi raunarskog u¢enja su ¢esto modularni, $to znaci
da bi se novi algoritmi generisani tokom ove pandemije mogli
uspesno prenameniti za druge pluéne bolesti u buducnosti. Kao
i uvek, postoji ravnoteza rizika i brzine, a klju¢ za optimizaciju
ove ravnoteZe je definisanje potreba za re$enjima koja ¢e imati
najvecu klini¢ku vrednost. Uz pravilnu saradnju klini¢kih ek-
sperata i stru¢njaka za masinsko ucenje, trenutna kriza javnog
zdravlja bi mogla oznaciti pocetak kada vestacka zdravstvena
inteligencija ispunjava svoj $iroki, transformativni klini¢ki uticaj
[18,19].

Prednosti primene vestacke inteligencije u dijagnozi
bolesti COVID-19

Glavna prednost uc¢enja uz pomoc¢ ra¢unara je njegova mogu¢-
nost da ,nauci“ kako se osobine pojedinca (faktori rizika), u
kombinaciji sa klini¢kim i socijalnim informacijama, mogu pre-
slikati u personalizovana predvidanja rizika. Iako standardni
epidemioloski pristupi, poput Kokovog modela proporcionalnih
opasnosti, nisu u stanju da efikasno kombinuju podatke iz razli-
¢itih izvora i modaliteta (demografski, socijalni, longitudinalni,
slikovni), savremene tehnike u¢enja zasnovane na neuronskim
mrezama mogu lako i efikasno pruziti personalizovana predvi-
danja rizika, aZuriraju¢i ih i pobolj$avaju¢i mogucnosti njihove
primene. Takvi mehanizmi predvidanja rizika mogu se koristiti
za sprecavanje, pracenje i otkrivanje bolesti [20].

Zaljude koji su ve¢ zarazeni SARS-CoV-2, vazno je predvideti
rizik od nezeljenih dogadaja (uklju¢ujuci smrt), kao i dinamiku
potrebnih zdravstvenih resursa, kako bi se pacijentima pruzila
odgovarajuca nega. Klju¢ni faktori rizika su starost pacijenta
i/ili prisustvo komorbiditeta, kao $to su hipertenzija, cisti¢na
fibroza, imunosupresija povezana sa transplantacijom i hemo-
terapija kod obolelih od raka. Trenutne metode procene rizika
za zaraZene pacijente koriste samo nekoliko faktora — procena
klini¢kog stanja, broja komorbiditeta, prethodnih terapijskih
postupaka i administrativnih podataka iz prethodnih prijema
u bolnice. Ovi relativno grubi pristupi su korisni u akutnim



fazama epidemije, iako ne uspevaju da obuhvate i objasne suptil-
ne interakcije izmedu godina starosti, specifi¢nih komorbiditeta
(uklju¢ujudi trajanje), procene obima disfunkcije organa i uticaja
drugih relevantnih zdravstvenih faktora [21,22].

Oslanjanje na takve mere ¢esto dovodi do otkrivanja ranije
neodredenih, potpuno novih faktora rizika - $to je posebno
vazno za bolesti o kojima se malo zna. Ove metode pruzaju
mogucnost otkrivanja bolesti COVID-19 ukoliko je viSe priku-
pljenih podataka. Oni mogu definisati procenu verovatnoce za
razli¢ite neZeljene reakcije i promeniti tu verovatno¢u tokom
vremena, omogucavajudi efikasnija predvidanja u poredenju sa
konvencionalnim epidemioloskim metodama [23].

Kao $to je pomenuto, pacijenti sa dijagnostikovanom bole$¢u
COVID-19 mogu imati veliki broj mogucih ishoda bolesti, veza-
no za vreme inkubacije i promenu kapaciteta pluénog kiseonika,
odnosno razvoja i toka bolesti. Nove metode ne pruzaju samo
mogucnost predvidanja dinamike napredovanja bolesti vec i
razumevanje kako odredeni dogadaji (pogorsanje simptoma)
mogu naglo promeniti dinamiku bolesti. Ovo je neophodno za
racionalno funkcionisanje sistema sa ograni¢enim zdravstvenim
resursima [24, 25].

Kada je re¢ o pacijentima, vazno je znati koji pacijenti zah-
tevaju rani prijem u bolnicu, kada on moze bezbedno napustiti
intenzivnu negu ili biti otpusten iz bolnice. Na takva pitanja
0 pravovremenom prijemu i otpustu Cesto se daje odgovor na
osnovu jednostavnih osnovnih pravila (npr. najnovija merenja
za nekoliko izabranih faktora i donosenje odluka na osnovu
grani¢nih vrednosti), iako bi takve odluke trebalo da uklju¢uju
podatke iz zdravstvene istorije svakog pacijenta. Koriste¢i sva
dostupna zapaZanja u bilo kom trenutku, vestacka inteligenci-
ja bi, zbog mogucnosti dubljeg razumevanja stanja pacijenta,
mogla uéestvovati u donosenju takve odluke, uz predvidanje
buducih zdravstvenih potreba pacijenta i ukazivanje na vazne
prediktore ishoda le¢enja pacijenta (specifi¢ni komorbidite-
ti koji ¢e verovatno pogorsati prognozu pacijenta sa boles¢u
COVID-19) [26,27].

Nadgledanje i prikupljanje zdravstvenih podataka je skupo,
jer oduzima puno vremena i angazovanja osoblja, a svi podaci
nisu jednako vredni. Stoga je neophodno odrediti prioritete, $ta
se mora aktivno meriti, kada to treba meriti i na kojim pacijenti-
ma, uz aktivno pracenje svakog pacijenta. Aktivno ¢itanje poda-
taka i njihov odgovarajuci odabir omogucavaju institucijama da
dinamicki rasporeduju bolnicke resurse u zavisnosti od potreba
pacijenata. To omogucava lekarima da donose kompetentne
odluke o odlaganju le¢enja za stanja koja nisu odmah opasna po
zivot, ¢ime se resursi mogu Koristiti za kriti¢no bolesne pacijente
sa boles¢u COVID-19 [28,29].

Modeli zasnovani na ve$tackoj inteligenciji omogucéavaju
pracenje i utvrdivanje efekata postoje¢ih medicinskih tretmana,
ukljucujudi postojece komorbiditete, ¢ime se stvaraju uslovi za
izbor najboljeg pristupa lecenju za svakog pacijenta, i eventualnu
upotrebu mehanicke ventilacije 1 potencijalno novih terapijskih
mogucnosti. Modeli zasnovani na Gausovim procesima genera-
tivne kontradiktorne mreze i duboke neuronske mreze mogu
pomodi u eksperimentalnim fazama lecenja, samo na osnovu
podataka posmatranja, i bez randomiziranih ispitivanja [30, 31].

Oni odgovaraju na pitanja poput ,,$ta bi se dogodilo sa datim
pacijentom ako bi se mehanicka ventilacija odgodila na nekoliko
sati?“ ili,,Kakav bi bio ishod le¢enja da je odgovarajuci eksperi-
mentalni postupak primenjen nedelju dana ranije?“ Ovo nam
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moze pomoci da odlu¢imo koji je najbolji plan lecenja za svakog
pojedinca u skladu sa dostupnim zdravstvenim resursima. Ovde
se ne radi samo o tome koju intervenciju treba primeniti za
svakog pacijenta pojedina¢no ve¢ i o tome kada je odredenom
pacijentu potrebna specifi¢na intervencija, §to je izuzetno vazno,
s obzirom na ogranicene resurse [32, 33].

Koriste¢i podatke longitudinalnog posmatranja pacijenta,
mreza je naucena da predvida puteve neadekvatnog lecenja u
skladu sa razlicitim planovima za svakog pojedinca. Takva pred-
vidanja se mogu dinamicki davati modeliranjem i azuriranjem
stanja pacijenta tokom vremena, uzimajuci u obzir informacije
o proslim medicinskim dogadajima. Na ovaj nacin je moguce
odrediti vremenski okvir kada bi intervencija bila najefikasnija,
odnosno odabrati odredeni redosled intervencija koji bi rezul-
tirali najboljim ishodom za svakog pacijenta. Pored toga, ovaj
metod moZe pokazati kada intervencije, poput mehanic¢kog ven-
tilatora, nisu neophodne za pacijenta i koliko dugo se njihova
upotreba moze odloziti, bez znacajnog pogorsanja zdravstvenog
stanja pacijenta [34, 35, 36].

Nedavni rad na pobolj$anju dizajna adaptivnih klinickih ispi-
tivanja pokazao je da se njihova efikasnost i delotvornost mogu
znacajno poboljsati primenom masinskog ucenja. Prilagodljiva
klinicka ispitivanja omogucavaju upotrebu macinskog ucenja u
regrutovanju pacijenata u grupe (umesto svih odjednom), nad-
gledanje efekta na svaku grupu, pre nego $to se regrutuje sledeca
grupa, tako da macinske metode umesto slu¢ajnog regrutovanja
pacijenata omogucavaju regrutovanje najpogodnijih ispitanika,
zahtevajudi tako mnogo manje pacijenata za proveru efikasno-
stilecenja odredenim lekom. Druga vazna primena masinskog
ucenja u polju RCT je post-hoc analiza klini¢kih ispitivanja, i
posebno identifikacija subpopulacija koje pokazuju najsli¢niji
odgovor na odredenu vrstu leCenja, ¢ime se olak$ava lec¢enje i
razumevanje terapijskog postupka, koji bi mogao biti prikladan
za stanovni$tvo u celini [37, 38].

Problem pristrasnosti modela masinskog ucenja moze se
re$iti metodama ucenja koje se implicitno bave neizvesno$éu
predvidanja kod pojedinaca iz populacija koji nisu u¢estvovale
u obuci. Medunarodna saradnja mogla bi stvoriti skup poda-
taka iz viSe zaraZenih populacija, a jedinstveni model procene
rizika u dva koraka mogao bi odabrati ove podatke i primeniti
ih $irom sveta. Modeli transfera u¢enja dobro funkcioni$u u
prognozi toka bolesti u razli¢itim zemljama ili zdravstvenim
sistemima [39].

Transfer u¢enja nije poZeljan samo za prenos modela infor-
macija izmedu populacija ve¢ i za aZuriranje masinskog ucenja
za odredenu populaciju tokom vremena. Pokazuje kako se bolest
razvija u odredenoj populaciji tokom vremena, povezujuci je sa
odredenim specifi¢nostima samih pacijenata, i koriste(i serije
podataka razvijene u skladu sa Bajesovom tehnikom optimiza-
cije kako bi se model aZurirao novim informacijama. Vazno je
utvrditi $ta pouzdano znamo a $ta ne znamo kada donosioci-
ma odluka pruzamo informacije zasnovane na informacijama
zasnovanim na sistemima ve$tacke inteligencije. U tu svrhu je
razvijena i tehnologija za sistematsko kvantifikovanje neizve-
snosti u predvidanjima, na osnovu modela masinskog ucenja.
Svi uneti podaci moraju da sadrze procenu poverenja, tako da
donosioci odluka znaju kada i za koje pacijente mogu da ve-
ruju predvidanjima koja pruza sistem vestacke inteligencije, a
kada treba da budu oprezni u vezi sa dobijenim informacijama.
Kvantifikovanje nesigurnosti u predvidanju ishoda presudno je
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za upravljanje hospitalizacijom, ali i za donosenje optimalnih
terapijskih odluka. Dobijeni interval poverenja u u¢enju uz po-
moc¢ racunara treba da obezbedi pravi ishod [40-48].

ZAKLJUCCI

Primena metoda zasnovanih na vestackoj inteligenciji moze se
postici kroz tri nivoa interfejsa covek-racunar. Interfejs na indi-
vidualnom nivou podrazumeva postojanje mobilnih aplikacija
koje pokrece GPS, a koje pojedinci instaliraju na svoje mobilne
telefone. Ove aplikacije mogu se koristiti za obezbedivanje so-
cijalnog distanciranja obavestavanjem pojedinaca da se nalaze
na visokorizi¢nim lokacijama gde je dijagnostikovan znacajan
broj slu¢ajeva COVID-19 ili gde je trenutno prisutan znacajan
broj nosilaca virusa.

Za procenu rizika po javno zdravlje postojeéa bolnicka
infrastruktura moze se dopuniti aplikacijama za modeliranje

rizika koje pokazuju i upozoravaju klini¢are na nove rizike kod
pacijenata u svakoj bolnici. Takve aplikacije mogu se koristiti za
daljinsku dijagnozu i negu samoizolovanih osoba sa evidentnim
simptomima bolesti. Primena modela zasnovanih na vestackoj
inteligenciji u bolnicama oslanja se na postoje¢u hardversku
infrastrukturu za povezivanje ulaznih podataka sa softverom
(vodenim modelima masinskog ucenja). Ovaj model prikazuje
rizike za pacijente na klinickom nivou.

Na nacionalnom nivou vestacka inteligencija — ljudski inter-
fejs omogucava vladinim sluzbenicima i donosiocima odluka
da kontinuirano aZuriraju najnovije epidemioloske podatke o
bolesti COVID-19, sa geografski stratifikovanom procenom
rizika i stopom popunjenosti bolnica. Ova aplikacija se moze
direktno povezati sa bazom podataka o registraciji pacijenata
i drugim aplikacijama za prikupljanje podataka o moguéem
riziku kojem je populacija izlozena, omogucavaju¢i administra-
torima da donesu pravilne strateske odluke o tome koje lokacije
treba zaklju¢ati i kojim bolnicama je potrebno vise sredstava.



