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Prospects for the use of artificial intelligence
to predict the spread of tuberculosis infection
in the WHO European Region

Objective — to analyze the prospects of using artificial intelligence and neural networks to create a geospa-
tial model of TB transmission and forecast its spread in the WHO European Region using available analytical
databases.

Materials and methods. The research was carried out for the period October 2022 — March 2023. Digital
access to the following full-text and abstract databases was used as the main source of research: the EBSCO
Information Base Package, the world’s largest single abstract and scientific metric platform Scopus, the freely
accessible search system Google Scholar, MEDLINE with Full Text, Dyna Med Plus, EBSCO eBooks Clinical
Collection, the abstract and scientific metric database of scientific publications of the Thomson Reuters Web
of Science Core Collection WoS, statistical data from the Ministry of Health of Ukraine and the Public Health
Center, SCIE, SSCI, the online database of the National Scientific Medical Library of Ukraine, AHCI.

Results and discussion. Migration processes in Europe still remain a global trend and create difficulties for
countries that receive migrants. Adverse living conditions, close contact, poor nutrition, mental and physical
stress are what refugees and migrants face. The combination of these risk factors and insufficient access to
health services increases the vulnerability of refugees to TB infection. In addition, a delay in diagnosis leads to
poor treatment outcomes and continued transmission of the infection to other people.

The optimal way to predict the spread of TB infection in European cities, where a significant number of
migrants from Ukraine arrived, is to create a mathematical model using the analytical technology of neural
networks and artificial intelligence. By analyzing a large amount of data, artificial intelligence can quickly and
efficiently identify connections between various factors and predict the future development of the epidemic.
For example, artificial intelligence can analyze data on the incidence of TB in different regions of the world, as
well as data on the number of patients with other diseases that can affect the human immune system, and make
a forecast about the development of the epidemic in the future.

Conclusions. Today, the creation of a mathematical model and the development of a simulator program for
the geospatial functioning of the city and the interaction of people during the day are relevant. Understanding
the natural history of TB among recently arrived migrants is important as we consider how best to implement
TB control in such populations.

Keywords
Epidemic, tuberculosis, neural networks, modeling.

Historically, human migration has had a major
impact on the spread of tuberculosis (TB). Our
country, as well as the European Union (EU) in
general, is experiencing the largest migration crisis
since the Second World War. An unprecedented

number of forced migrants from Ukraine flooded
European countries [1, 13].

War always increases the risks of the spread of
various infectious diseases, tuberculosis is no excep-
tion. Population migration, overcrowding at check-
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points and accommodation, instability in the country,
economic troubles, poverty are the factors that pro-
voke the spread and growth of tuberculosis [6, 13].

The medical system of Ukraine adapted to the
challenges of wartime and any patient with tuber-
culosis can seek help from the nearest anti-tuber-
culosis facility in the region where he was evacu-
ated [1].

Currently, despite high rates of migration, the
phenomenon of migration itself as a risk factor for
the spread of tuberculosis is poorly studied. Mass
migration automatically entails a decrease in the
effectiveness of TB control measures in healthcare
facilities and ensuring epidemiological safety for both
sides: the countries receiving migrants and the coun-
tries of their origin, especially those with a high bur-
den of active and drug-resistant tuberculosis [7, 16].

Taking into account the situation today with the
large migration wave of citizens of Ukraine caused
by the full-scale aggression of the Russian Federation,
we are interested in the development and creation
of a working model for predicting the spread of
tuberculosis infection in the countries of the WHO
European region that have received the largest
number of refugees from Ukraine [10].

Modeling the spread of airborne bacterial infec-
tions is an urgent and unsolved task of modern
science [11]. The availability of adequate and accu-
rate models of stimulators is the basis for planning
a strategy to prevent the spread of TB in countries
with a low incidence rate.

Previously published results from cohort studies
demonstrated a likely positive correlation between
the number of new migrants to the EU and TB
detection rates. It has also been established that a
significant number of tuberculosis cases (up to 70 %)
registered in Europe are among the population born
outside of Europe [15, 24].

All of the above indicates the relevance of the
research topic we have chosen, as an analytical
model with adequate and reliable results would be
of great benefit to practical healthcare, specifically
in the development of plans to counter the spread
of tuberculosis in the WHO European Region.

Objective — to analyze the prospects of using
artificial intelligence and neural networks to create
a geospatial model of tuberculosis transmission and
forecast its spread in the WHO European Region
using available analytical databases.

Materials and methods

The research was conducted from October 2022
to March 2023. Digital access to the following full-
text and abstract databases was used as the main
source of research: the EBSCO Information Base
Package, the world’s largest single abstract and

scientific metric platform Scopus, the freely acces-
sible search system Google Scholar, MEDLINE
with Full Text, MEDLINE Complete, Dyna Med
Plus, EBSCO eBooks Clinical Collection, the
abstract and scientific metric database of scientific
publications of the Thomson Reuters Web of Scien-
ce Core Collection WoS (CC), statistical data from
the Ministry of Health of Ukraine and the Public
Health Center, SCIE (Science Citation Index
Expanded), SSCI (Social Science Citation Index),
the online database of the National Scientific
Medical Library of Ukraine, AHCI (Art and
Humanities Citation Index).

The search also included open access preprint
repositories, as some scientific publications on
similar models are only available there, which
explains the absolute relevance of the topic.

The search was carried out using the search query
of the following keywords: «geospatial models»,
«stochastic models», «modeling the spread of tuber-
culosis», «tuberculosis in Europe».

We use artificial neural networks for search and
analysis. Artificial neural networks are one of the
branches of machine learning that was started back
in the 1940s. This approach is based on biological
neural networks in mammals, which consist of neu-
rons in the brain and spinal cord of the central
nervous system. Of course, artificial neural networks
are a much simplified interpretation of biological
ones and only seek to solve problems that our brain
solves every day. Neural-like networks have gone
through a long way of formation and development,
from the complete denial of the possibility of their
application to the implementation in many spheres
of human activity. According to the classic multi-
agent SIR-model, a set of agents is generated that
can move freely in a certain flat space that simulate
a city. Each agent can have three conditions: S —
healthy and susceptible to the disease, I —infected,
which can infect others, R —recovered or not sus-
ceptible to the disease.

Results and discussion

Migration processes in Europe remain a global
trend and create difficulties for countries that
receive migrants [7]. In connection with the military
actions in Ukraine, this process has acquired more
extensive features of displacement of a significant
number of Ukrainian citizens, in most cases, to the
territories of the EU countries. It is natural that
such a situation creates a number of problematic
issues, in particular, in the field of providing medical
services, which need to be resolved through political
cooperation between countries [24].

Recently, data from a cohort study conducted
in 28 European Union countries, as well as Iceland
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Fig. 1. Incidence of tuberculosis in Ukraine (compared to 2021—2022) [5]

and Norway, were published [26]. Pearson correla-
tion analysis for each country and all countries taken
together was analyzed for the period 2011—2017 to
identify potential correlation between the annual
number of immigrants and the incidence of tuber-
culosis per 100,000 population. The obtained and
summarized results showed a significant negative
correlation between the number of immigrants and
the level of tuberculosis incidence in 22 out of
30 countries. However, in three countries (Germany,
Italy, and Norway), a significant positive correlation
was observed between the level of tuberculosis
detection and the number of immigrants [9].

Adverse living conditions, close contact, poor
nutrition, mental and physical stress are what refu-
gees and migrants face [4]. The combination of these
risk factors and insufficient access to health ser-
vices increases the vulnerability of refugees to TB
infection. In addition, a delay in diagnosis leads to
poor treatment outcomes and continued transmis-
sion of the infection to other people [18].

In the geopolitical context, taking into account
the high relevancy of the migration process and the
risk of developing active tuberculosis, preventive
examination of migrants should be performed by
both parties: both the receiving party and the coun-
try of origin [6].

The World Health Organization (WHO) decla-
res that improving the diagnosis and treatment of
TB among migrants can be considered as a key
health priority for the elimination of tuberculosis in
general and the implementation of the «<End TB»
strategy [24].

As demonstrated by our retrospective analytical
study, ongoing surveillance of TB migration and
epidemic indicators is essential, as there is a need to

harmonize case definitions and reporting standards
to optimize TB control programs in Europe.

According to separate analytical sources, as of the
end of 2022, almost 7.6 million Ukrainian citizens
are officially abroad due to military operations in
Ukraine [1].

Translation: By the end of 2022, Poland granted
the largest number of temporary protection sta-
tuses with almost 1.5 million, followed by Germany
with over 1 million and approximately 450,000 in
the Czech Republic. More than 100,000 Ukrainians
were also registered in Italy, Spain, Bulgaria, Great
Britain and France [1, 13].

Assignificant problem faced by migrants, including
those from Ukraine, is the lack of access to informa-
tion about the spread, prevention and treatment of
tuberculosis. Fear of stigma, lack of awareness of
entitlement to health services, and low ability to
spend on health care relative to income all contribute
to reluctance to seek help or adhere to treatment.
Economic deprivation and social marginalization can
further exacerbate the spread of TB among migrants.

At the time of the beginning of the mass migration
of Ukrainian citizens, the TB incidence rate in our
country was 44 cases per 100,000 population
(currently this rate is 45.1) (Fig. 1).

As forecasts show, the COVID-19 pandemic also
has a negative impact on morbidity and mortality
from tuberculosis in countries with a high incidence
of tuberculosis (Fig. 2) [20, 23].

Long-term multifactorial epidemiological stud-
ies have shown that one patient with an active form
of TB with bacteremia infects 10—15 contacts
during the year [2, 19]. The risk of developing
active tuberculosis in an infected person is 5—10 %
throughout life.
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Fig. 2. The potential impact of the COVID-19 response on tuberculosis in high-burden countries: a modelling

analysis — StopTBpartnership [5]

Thus, in our opinion, migrants who arrived from
Ukraine, where the incidence of TB is higher than
the epidemic threshold, may pose a threat to the
fight against tuberculosis in EU host countries with
a low incidence rate. Of course, among them there
are also people who treat tuberculosis.

One of the challenges facing the medical com-
munity and the anti-tuberculosis service is ensuring
access to therapy in the new location. After all, to
overcome tuberculosis, the issue of regularity and
continuity of taking drugs is fundamental.

According to the latest analytical data, more than
90 % of the adult population of Ukraine are infect-
ed with tuberculosis mycobacteria [25, 26]. Military
actions on the territory of Ukraine, which have been
going on for more than a year, have created unfavor-
able living conditions, close contact among inter-
nally displaced persons, mental and physical stress —
what refugees from all countries face. The combina-
tion of these risk factors and insufficient access to
medical services contributes to the transition of
latent tuberculosis infection (LTI) to an active
tuberculosis process.

Taking into account all of the above, the optimal
way to predict the spread of TB infection in
European cities, where a significant number of
migrants from Ukraine arrived, is to use a mathe-
matical model using the analytical technology of
neural networks and artificial intelligence [21].

Prediction of epidemiological processes is an
important task that helps to understand and predict
future trends in the development of diseases and
epidemics. Artificial intelligence can be a very use-
ful tool in this task [21].

By analyzing large amounts of data, artificial
intelligence can quickly and efficiently identify con-
nections between different factors and predict the
future development of an epidemic. For example, Al
can analyze data on incidence in different regions of
the world, as well as data on the number of people
with other diseases that can affect the immune sys-
tem, and make a forecast about the future of the
epidemic [21].

Moreover, artificial intelligence can be used to
model epidemiological processes and test different
treatment and prevention strategies. For example,
computer modeling can determine which prevention
measures will be most effective in preventing the
spread of tuberculosis in a particular region [12].

Therefore, artificial intelligence can be a very
useful tool in forecasting epidemiological processes
and performing various tasks in the field of health
care. However, it is important to remember that
artificial intelligence cannot replace the experience
and expertise of people, so it must be used with
understanding and caution.

The model of the spread of tuberculosis infection
can be divided into 2 components: the model of the
environment in which the infection spreads and the
model of the spread of the infection itself. Our team
is developing the first component, namely the con-
struction of an adequate and accurate simulator
model of life, behavior and interaction of people at
the level of, for example, a city.

Classic SIR model. According to the classic
multi-agent SIR-model, a set of agents is generated
that can move freely in a certain flat space that
simulate a city. Each agent can have three condi-
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tions: S — healthy and susceptible to the disease,

I — infected, which can infect others, R — recovered

or not susceptible to the disease [21]. The following

data must be initialized for the modeling:

1. Area and shape of the territory (S).

2. Number of agents (N).

3. Average speed (V).

4. Initial positions of infected and uninfected agents

(L =1i=1,N(x, y)).

. Distance necessary for the infection (d).

6. Probability of an infection if a healthy person
comes close to an infected person (p).

7. Percentage of people who have immunity to the
illness or have recovered (PR).

8. Duration of illness (Til).

9. Mortality rate (D).

One of the most important aspects of simulation
is the comparison of computer time and linear
dimensions with the corresponding real-world data.
When simulating a real city, such quantities as S
and N are given empirically. All other parameters
are calculated by scaling the real geographical scale
and statistics of the settlement.

After all, the spread of mycobacterium tubercu-
losis begins with the fact that an infected person
living in the city contacts other people and spreads
the infection. Combining such models in multiple
cities will allow to simulate the spread of the epi-
demic at the level of the region, the state and the
world as a whole. It is also clear that graphic maps,
geospatial location of buildings and people should
be used when modeling real objects of urbanization.
This will make it possible, in addition to statistical
data, to investigate the features of the geospatial
spread of the pandemic [17].

1. In general, the following requirements can be
identified that a mathematical model-simulator
must meet for a reliable forecast.

2. It must be adequate and as plausible as possible.

. It should be relatively easy to implement.

4. Tt should be able to take into account various
factors, such as categories of people, age charac-
teristics, different types of objects in which people
live, work or spend their leisure time, etc.

5. It should take into account personal parameters
of immunity and ways of transmission of in-
fection.

6. It should simulate the life and contacts of people
as realistically as possible, in particular:

* take into account age and immune charac-

teristics of people;

« take into account the peculiarities of the daily

schedule and location of the residents;

* simulate people’s contacts depending on the

schedule and circle of communication (family).

7. It should display the results on a geographical map.

(&3

w

8. The model should be fast in calculation for the
possibility of conducting a large number of com-
puter experiments for learning a neural network
with reinforcement, in order to choose the best
strategy for preventing epidemics.

9. It should have the ability to parallelize, which
will make it possible to use computer clusters to
calculate and stimulate this model at the macro-
level of states and the world [8].

As follows, TB control in high-income countries
has historically focused on early detection and
treatment of active TB with concomitant contact
tracing. However, given the high number of TB
cases among migrants, there is an ongoing debate
about how best to identify TB among migrants.
Therefore, the search for new technologies that
allow predicting an epidemic situation in real time,
with the impact of specific factors, using artificial
intelligence technologies with its neural network
base, will allow to control this process and prevent
potential risks of increasing the spread of an infec-
tious agent.

Therefore, the epidemiological and medico-eco-
nomic analysis [24] carried out showed that the fight
against TB in high-income countries would benefit
from the use of targeted screening and treatment of
LTBI in a certain category of migrants from coun-
tries with a high burden of tuberculosis. However,
to fully control the situation, it will be necessary to
solve the following problems: timely programming
of the probable number of persons who are carriers
and spreaders of tuberculosis infection, with the
maximum coverage of their etiotropic treatment,
and the complete completion of the program of anti-
tuberculosis therapy. This is essential to ensure the
effectiveness of the implementation of the «End TB»
program. Prospects for the use of artificial intelli-
gence to predict the spread of tuberculosis infection
in the WHO European Region are undoubtedly a
priority.

Conclusions

1. Taking into account the published statistical
data on the migration wave of citizens from
Ukraine during the war period (more than 7.6 mil-
lion people to the countries of the European
Union), we can apply a forecasting algorithm neu-
ral networks to predict the epidemiology of the
main indicators of tuberculosis infection. This is
important because a significant increase in the
number of infected persons among the population
of the countries of the European region of the
WHO will have negative economic consequences
at the national goverment level.

2. Prevention and control of the spread of tuber-
culosis in society is based on timely tracking of close
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contacts and rapid prophylactic treatment of LTI,
as well as effective treatment of active tuberculosis
disease. All countries with significant internal
migration from countries with a high burden of
tuberculosis should consider additional targeted
active screening among recent migrants and take
into account the medical, social and economic effects
of this problem.

There is no conflict of interest.

3. Based on the above, today it is relevant to cre-
ate a mathematical model and develop a program
based on it to simulate the geospatial functioning of
the city and the interaction of people during the day.
Understanding the natural history of tuberculosis
among recently arrived migrants is important as we
consider how best to implement TB control in such
populations.
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EIIAEMIYHA CUTYALIA / EPIDEMIC SITUATION

N.1. Topopiko?, 0.A. Auapieup?, A.1. Bukniok?, 1.0. Cem’anis!, . Mapriusny?,
E. NecHik’, [1.B. HeBincbkuit?, I.B. Epemenyyk:

'BYKOBUHCbKNIA fiepXKaBHWIT MeLUYHUIA YHiBepcuTeT, YepHiBui

2HauioHanbHuit yHiBepcuTeT «JIbBiBCbKa NoniTexHikay, J1bBis

3 YHiBEPCUTETCbKMIA MeauyHNiA LeHTp [poHiHrema, [poHiHrem, Higepnanau

“[lepxkaBHU yHiBEPCUTET MeAMUMHY Ta dapmauii im. Mukonu Tectemiuany, Kuwunis, Pecny6nika Mongosa

[lepcrieKTUBU 3aCTOCYBAHHA WITYYHOTO IHTENEKTY AJ1A ITPOrHO3YBAHHA
TIOLINPeHHA TyOepKynbo3Hoi iHdekuii 8 €Bponeiicbkomy perioxi BO03

Mema po6omu — 11ipoaHasi3yBaTH NepCIEKTUBH 3aCTOCYBaHHSI HEIPOMEPEXK [IJIsi CTBOPEHHSI IeOTIPOCTO-
POBOi Mojiesti Tiepeadi TyGepKyIb03HOI iH(EKITT 1 TporHO3yBaHHs 1i oIupeHHs B €BPOTEiicbKOMY perio-
Hi BOO3 3 BUKOPUCTAHHSM JOCTYITHUX aHAITUYHUX 6as.

Mamepianu ma memoou. JlocnijkeHHss BUKOHaHO y 1iepio 3 skoBTHs 2022 p. no Gepesust 2023 p.
Ak ocHOBHE JKepeJIo IOCi/KEeHh BUKOPUCTAHO U(POBUI JIOCTYII /IO TAKUX MOBHOTEKCTOBUX i pedepa-
tuBHux 6a3 ganux: EBSCO Information Base Package, Haii6isbiia B ¢BiTi €inHa pedpepaTiBHA Ta HAYKOBO-
MeTpuyHa 1ardopma Scopus, BiibHOZOCTYITHA TIotiyKoBa cucteMa Google Scholar, MEDLINE 3 noBaum
tekctom, Dyna Med Plus, EBSCO eBooks Clinical Collection, pedepatuBha i HaykoBo-MeTpuuHa Oasa
manux Haykosux myb6uikariii Thomson Reuters Web of Science Core Collection WoS, cratucruuni gani
MO3 Ykpainu ta [lenrpy rpomazcskoro 3mopos’st, SCIE, SSCI, onumaiti-6asza gannx HartionanbHoi HayKo-
BOI MeruHOi Gibaiorekn Ykpainu, AHCI.

Pesynvmamu ma 062060penns. Mirpaitiiiti iporiecu B8 €Bpoiri € rJ106aIbHOO TEHIEHIIIEIO 1 CTBOPIOIOTH
CKJIQJTHOIII JIJIs1 KpaiH, sIKi npuiiMaioTh MirpanTiB. HecripusgTinsi yMOBU JKUTTS, TICHUI KOHTAKT, IIOTaHe
XapuyBaHHS, TICUXIUHII 1 DIBUYHUI CTpec — Te, 3 YUM CTUKAIOThCst OixkeHIll Ta MirpanTu. [ToegHanHs 1MX
YMHHWKIB PU3UKY 1 HEOCTATHIH OCTYII 10 MEMYHKX MTOCJYT ITiIBUIIYE BPA3MBICTh OisKEHIIB 10 TyOep-
KyJIp03HOI iHbekTii. Kpim Toro, 3aTprMKa 3 iarHOCTIKOIO TPU3BOANTD /10 TIOTAHUX PE3YJIBTaTiB JIKyBaHHS
Ta MPOAOBKEHHs Hepeaadi iHdekIii iHmmmM ocobam.

OnTrMaIbHUM TIJISIXOM MTPOTHO3YBaHHST ToMmpenHs iHgexiii Ty6epkyabo3y (TH) y micrax €spory, B
ki mpubyJia 3HaYHA KiJIbKICTh MITpaHTIB 3 YKpaiHu, € CTBOPEHHS MaTeMaTHYHOI MOJIeJI i3 3aCTOCYBaHHSAM
AQHATIITUYHOI TEXHOJIOTIl HeHTPOMEPEX Ta MTYYHOTO IHTETEKTY. 3a AOMOMOTOI0 aHAJ3y BEIMKOI KiJThKOCTI
JAHUX TTYYHUI IHTEJEKT MOXKE MIBUIKO Ta e(DeKTUBHO BUSBJISATH 3B'SI3KM Mi’K PI3HUMHM YUHHUKAMU Ta
MPOTHO3YBATH PO3BUTOK errizieMil. Hanmpukomaz, mryunuii iHTesekT MosKe aHali3yBaTH /IaHi PO 3aXBOPIO-
BaHicTh Ha TD y pisHUX perioHax CBiTY, a TAaKOXK JaHi PO KiJIbKICTb XBOPUX Ha iHII 3aXBOPIOBAHHS, SKi
MOJKYTb BILIUBATH HA IMYHHY CUCTEMY JIFOJMHM, i CIIPOTHO3YBATH PO3BUTOK €ITi/IeMii B MallOy THHOMY.

Bucnogru. AktyasbHUM € CTBOPEHHST MaTEMAaTHYHOT MOJIeJTi Ta PO3pOOKH Ha ii OCHOBI MPOTpaMu-CHUMY-
JISITOPA TeOMPOCTOPOBOTO (DYHKITIOHYBAHHS MicTa i B3aEMOIil Jofieit ipoTsiroM 1001, PogymiHHs pupo-
Horo riepebiry TH cepe/i HelaBHO MpUOYINX MITPaHTIB € BOKJIMBUM JIJIsl BU3HAYEHHS clIOcO0iB G0pOTHOU 3
Tb y Takux nmomyagrisax.

Kmiouoei crosa: eninemist, Ty0epKyibo3, HeiipoMepeski, MOIETIOBaHHSI.
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