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OPTIMIZATION OF THE SCIENTIFIC SEARCH FOR LYME
BORRELIOSIS SEVERITY DIAGNOSTICS

The article deals with the data of the use of analytical search
capabilities for the optimization of the literature sources analysis in the
Scopus scientometric database when studying the current state of Lyme
borreliosis diagnosis and treatment in children.

Methods of examination: analytical requests and assessment were
used to investigate the analytical data of the scientific search for Lyme
Borreliosis diagnosis. The Scopus scientometric database gives the
capabilities to make a relevant search of scientific literature on the studied
issues. In particular, to assess the relevance of research on LB in infectious
diseases field, the following analytical query was formulated in the Scopus
database: (ALL("tick bites") OR ALL("endemic area in lyme borreliosis")
OR ALL("questionnaire of parents of children with Lyme disease”) OR
ALL ("affected by ticks") OR ALL("'DNA to complex B. burgdorferi
s.l.") OR ALL("B. miyamotoi").

Research results. The use of the Scopus scientometric database
optimizes the relevant search of scientific literature by the research topic;
total number of papers and comparisons in Cite Score, SIR, SNIP; search
results by authors, subject areas, country, among leading scientific
institutions, types of publications, and the largest financial sponsors of the
research topic.

Conclusions: the analytical review of publications on the use of
artificial intelligence in medicine, in particular, infectology was presented
in the article. The analysis of the papers in the Scopus scientometric
database was carried out. The authors with the largest number of papers,
taking into account countries and scientific institutions, were presented.
Based on the data obtained from the analytical review of literature sources
using Scopus, we can conclude that there is a growing scientific interest in
the problem of studying the causes of the onset and progression of Lyme
borreliosis. Thus, such research is extremely relevant for improving and
maintaining patient health.
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OIITUMI3BALIS HAYKOBOI'O HomyKy JJIA
JIATHOCTHUKHU BAKKOCTI EPEBIT'Y JIAUM-BOPEJIIO3Y

HagBeneHo JaHi BUKOPUCTAHHS MOXJIMBOCTCH aHATITHYHOTO MOIIYKY
JUISL ONTUMI3allli aHai3y JITepaTypHUX JUKEpen y HayKOMETpHuHii 0asi
JTAaHUX SCOPUS MpH AOCIIKEHHI Cy4aCHOTO CTaHy MUATAHb TIarHOCTHUKHU Ta
nikyBanHs JlaiiM-6openiosy y aiTei.

Merta I0CTiIKEHHNA: BIOCKOHAINTH HaJaHHSI MEIUYHOI JOIOMOTH
IITAM, IO 3a3HAIM HANaiB KIIIIiB; MOKPAIIUTH ialHOCTUYHHUN TMOMIYK
HayKOBOI JiTepaTypu 3 mpodiemu JlaitmM-0operiosy.

MeTtoau JoCaiAKEHHS:
SCOpUS onTHMi3y€e peNeBaHTHHN MOIIYK HAYKOBOI JTEpaTtypu 3

BuxopucranHs HayKOMETpHYHOI 0a3u

JIOCITI/KYBAHOT MPoOIeMaTHKU. 30KpeMa, I OI[iHFOBAHHS aKTyaJlbHOCTI
nociipkenp 1o JIb y indekronorii B HaykoMeTpuuHiid 6a3i SCOpUS Oy:to
chopmynpoBano  amamitmunmi  3amuT:  (ALL("tick  bites") OR
ALL("endemic area in lyme borreliosis") OR ALL("questionnaire of
parents of children with Lyme disease") OR ALL("affected by ticks") OR
ALL("DNA to complex B. burgdorferi s.l. ) OR ALL("B. miyamotoi™)
Pesyabratn gocaimxenHs. BukopucranHs HayKOMeTpU4HOI 0a3m
SCOpUS ONTHMI3ye pENeBAaHTHUM TIIONIyK HAyKOBOi JiTepaTrypu 3a
KaTeTOPisSIMU: JTOCHTIKyBaHa MPOoOJIeMaTHKa, 3arajibHa KUTbKICTh Tpampb i
nopisusiaas B Cite Score, SIR, SNIP, pe3ynpraTit NOIIYKOBOTO 3aMUTy M0
aBTOpAax, pe3yJIbTaTH IOLIYKOBOTO 3amMTy (IpeaMeTHI raiysi); B 0asi
Scopus mo kpaiHax, cepel BeIyYyHMX HAyKOBHX 3aKJIajiB, IO BHIAX
nmyOJiKalii, mo HaWOUIBIIMX (IHAHCOBMX CHOHCOPAaX BUBYEHHS JAHOI
MpoOJIEMATHKH.
BucHoBku: VY gaHiii crarTi NpOBeJEHO AHANITHYHUEA  OIJISI
myOmiKamid M0 BHUKOPHCTAHHIO INTYYHOTO IHTENEKTY B MeEAHWIIVHI,
30KpeMa, iHQekTonorii. Ha OCHOBI OTpUMAaHUX MaHUX aHAJTITHYHOTO
OTJISILy JIITEpaTypHHUX IDKEped 3 JOIOMOTOI0 IPOTpamMH Scopus MOXKHA
3pOOUTH BHCHOBOK IIPO 3pOCTAalOYMi HAYKOBHH IHTEpeC 10 MpoOIeMH
JIOCITIJDKEHHS! IPMYMH BUHUKHEHHS Ta IporpecyBaHHs Jlaiim-Oopemniosy,
TOMY TaKi JOCII/PKEHHs € HaJ3BHYAiHO aKTyaJbHUMH JUIS MOKpPAILCHHS
Ta 30epeKeHHs 3J0pOB’ sl NAIIEHTIB.
Kirwuosi Jlaiim-6operios, MEINYHOT

cJIoBa: JUTH, TEXHOJIOTIT

JIarHOCTHKH Ta JiKyBaHHsI, ikcomoBuX Kiimti, Borrelia burgdorferi.

Aemop, eionosidanvruii 3a nucmyeannus: Huxumwox Ceimnana Onexciigna, Kageopa oumsuux xeopob 3 oumsuoro
xipypeieto, Teproninbcokutl Hayionanbuul meouunuil ynigepcumem imeni 1. A. I'opbauescbro2o

e-mail: androx@tdmu.edu.ua

INTRODUCTION

and it is characterized by the presence of migratory

Lyme borreliosis (LB) is an important problem in
pediatrics, as it belongs to the group of particularly
dangerous infections caused by Borrelia burgdorferi [1].
This acute systemic disease is common among children,

erythema [2], and in some untreated patients, it is
accompanied by nervous system damage [3],
inflammatory arthritis [4], and carditis [5, 6, 7, 8]. The
relevance of the topic of this thesis is due to the
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increasing incidence of LB and its complications among
the pediatric population of Ukraine. Untreated forms of
the disease lead to disability. Studies of the patterns of
tick infestation in children aged 1 month to 17 years
inclusively have shown that children aged 3 to 11 years
suffer the most from tick bites. This is due to their
activity and lack of proper attention from their parents.
The issue of improving the diagnosis and treatment of
children with LB, raising awareness of parents of
children about this vector-borne infection, and
conducting a comprehensive study of Ixodes ticks to
detect infection with their pathogens remains open.

Today, scientists require a lot of relevant,
innovative, and qualitative research, which cannot be
done without a detailed study of the state of the
scientific issue [9, 10, 11, 12]. A full solution to this
problem is impossible without a deep analytical review
of the literature. Currently, this problem can be
optimized by using information search engines. In
science in general, and medicine in particular, there are
a number of unresolved issues that have not yet been
fully resolved, and scientists from around the world
have been working on them for many years, but they
remain relevant.

The aim of the study was to improve the provision
of medical care to children exposed to tick attacks and
to improve the diagnostic search of scientific literature
on Lyme Borreliosis. In particular, to assess the
relevance of the research on LB in infectious diseases,
an analytical query was formulated in the Scopus
scientometric database.

Research methods: analytical requests and
assessment were used to investigate the analytical data
of the scientific search of the diagnosis of Lyme
Borreliosis. The use of the Scopus scientometric
database optimizes the relevant search for scientific
literature on the studied issues. In particular, an

Documents by year

225

200

Documents

2014 2015 2016 2017

2018

analytical query was formulated in the Scopus
scientometric database to assess the relevance of
research on LB in infectious diseases: (ALL("tick
bites") OR ALL("endemic area in lyme borreliosis") OR
ALL("questionnaire of parents of children with Lyme
disease") OR ALL("affected by ticks") OR ALL("DNA
to complex B. burgdorferi sl. ") OR ALL("B.
miyamotoi")

RESEARCH RESULTS

The information search revealed 1881 documents
from 1991 to 2024. The total number of papers during
some period was analyzed in dynamics. According to
the results of the search in the Scopus scientometric
database, we have seen an increase in the number of
publications over the past twenty years. This also
further confirms the high scientific interest in the topic
under study, namely the application or use of medical,
information, hospital, expert, and diagnostic systems in
infectious diseases.

The information search revealed 1881 documents
from 1991 to 2024.

Our search query on this topic in the Scopus
scientific database returned 1,881 document results
from 1991 to 2024, including 1,298 scientific papers
from 2014 to 2023 over the past decade. The largest
number of literary sources on the topic under study falls
in the last 3 years. In particular, 210 publications were
published in 2021, 196 in 2022, and 204 in 2023, which
confirms the relevance of the study of this problem in
medicine and the steady growth of interest in it around
the world (Fig. 1).

A comparison of citations in the Cite Score, SIR,
and SNIP databases shows an increase from 2021 to
2023, with the largest increase in the journals “Tick and
Tick Borne Disease” and “Journal of Medical
Entomology” (Fig. 2).

2019 2020 2021 2022 2023

Year

Figure 1 — Results of a search query in the Scopus scientometric database (total number of papers by year in

dynamics)
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Figure 2 — The results of the search query in the Scopus scientometric database (total number of papers and

comparison in Cite Score, SIR, SNIP)

In terms of the number of documents by source, the
leading journals are Ticks and Tick Borne Disease — 86,
Parasites and Vectors — 49, Journal Of Medical
Entomology — 47, Plose One — 43, Pathogens — 26,
Vector Borne and Zoonotic Disease - 25,
Microorganisms — 24, Experimental and applied
acarology — 19, BMG-Public Health Scientific Reports
—19 (Fig. 3).

Source Documents
[®] Ticks And Tick Borne Diseases 86
m] Parasites And Vectors 49
(®] journal Of Medical Entomology 47
[®] Plos One 43
[w] Pathogens 26
[C] Vector Borne And Zoonotic Diseases 25
| Microorganisms 21

] Experimental And Applied Acarology 19
(] Scientific Reports 19
[T1 BMC Public Health 18

Figure 3 — Results of the search query by journals

As for the main authors, the leadership is held by
such scientists as Sprong H., Ogden N.H., Hovius J.W,
Eisen R.J.,, Fonville M., Moutailler S., Eisen L.,
Leighton P.A., Krause P.J. and Wormster G.P. (Fig. 4).

By country, the number of publications is highest in
the United States — 488, Germany — 105, the United
Kingdom — 97, France — 95, the Netherlands — 91,
Canada — 85, China — 62, Sweden — 57, Poland — 55.
Thus, developed countries are mainly interested in
studying the problems of Lyme borreliosis and its
consequences (Fig. 5).

As for scientific institutions, the leading institutions
by the number of documents by source are CDC — 45,
Rijksinstituut voor Volksgezondheid-40, Public Health
Agency of Canada-37, National Centre for Emerging
and Zoon-32, John Hophins University School of
Medicine-30, University of Montreal-30 (Fig. 6).

This problem was most often covered in research
articles (73.4%), review articles (17.6%), conference
abstracts (1.6%), and monograph chapters (1.2%)
(Fig. 7).

The largest number of articles was published in the
following fields: medicine — 891, immunology — 5086,
agriculture — 279, biochemistry — 158, veterinary
medicine — 119, environment — 94, multidisciplinary
sciences — 67, computer sciences — 57, engineering — 34.
As for the field of knowledge, medicine comprises 891
articles, computer sciences — 57, which indicates a
growing interest in the use of artificial intelligence
algorithms in the problem under study. In terms of
percentage, the largest share of scientific papers
belonged to medicine (36.9%), immunology 21%,
agriculture  11.6%, 36.9%, immunology 21%,
agriculture 11.6%, biochemistry 6.5%, veterinary
medicine 4.9%, environment 3.9%, multidisciplinary
sciences 2.8%, computer science 2.4%, engineering
1.4%, pharmacology 1.2% (Fig. 8).
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Figure 4 — Results of the search query by authors
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Figure 5 — Results of a search query in the Scopus database (countries)

Documents by affiliation ®

Compare the document counts for up to 15 affiliations.
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Figure 6 — Results of a search query in the Scopus scientometric database among scientific institutions
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Figure 8 — Results of a search query in the Scopus scientometric database (subject areas)

Documents by funding sponsor

Compare the document counts for up to 15 funding sponsors.

National Institutes of Health - |

National Institute of Allergy and Infectio...
Centers for Disease Control and Prevent...
National Science Foundation

National Natural Science Foundation of ...
European Commission

U.S. Department of Health and Human ...
Ministerie van Volksgezondheid, Welzijn...

Public Health Agency of Canada

Seventh Framework Programme

o

10 20 30 40 50 60 70 80 9 100
Documents

Figure 9 — The results of a search query in the Scopus scientometric database (financial sponsors)
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Among the most important financial sponsors of the
study of this problem are the National Institute of
Health — 92, National Institute of Allergy and Infection
Disease — 71, CDC — 35, National Science Foundation —
31, National Natura Science Foundation Of China — 27,
European Commission — 25, US Department of Health
and Human Services - 24, Ministerie van
Voksgezondheid, Welzijn en Sport — 21 (Fig. 9).

The study presents machine learning methods for
assessing and predicting the severe course and damage
to organs and systems in Lyme borreliosis in children,
as well as its development and evaluation of

effectiveness. Development of a multifactorial model
for predicting the severe course of Lyme borreliosis in
children: "ROC analysis"; use of Data Mining
technologies to predict the course of Lyme disease in
children for computerized diagnostic systems. The final
result was that significant factors were obtained for
predicting the course of LB in multivariate regression
analysis in Statistica 10.0 without taking into account
insignificant criteria. To build a multivariate regression
model for predicting the severe course of Lyme
borreliosis, a number of probable factors (occurrence
and progression ) were selected (Table I).

Table 1 — Identification of potential risk factors for localized and disseminated forms of LB

Variable of the model Name of factor
e} Age
Xq Sex
Xy Causative agent of infection
Hy Number of ticks
Xg Affected system
X IgM (RU/ml)
Xy 1gG (RU/mI)
Xg Ig G (in dynamics)
Xg VLsE IgM
X1p P41 IgM
X9 P39 IgM
X132 OspC Ba (Borrelia afzelii)
X3 OspC Bb (Borrelia burgdorferri)
Xig OspC Bg (Borrelia garinii)
X5 IgM
Xy VLsE (Borrelia afzelii) 19G
X7 VLsE (Borrelia burgdorferri) 1gG
X1g VLsE (Borrelia garinii) 1gG
X1 Lipid Ba (Borrelia afzelii) 1gG
Xap Lipid Bb (Borrelia burgdorferri) 1gG
X1 P83 1gG
Xq9 P41
Xgq P39 1gG
Hog OspC (B. afzelii) 1gG
Xgg P581gG
Hag P211gG
Xq7 P201gG
Xag P191gG
Xag P181gG
Xag [o]€
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A mathematical model for determining the risk
factor for the development of the disseminated form of
Lyme disease.

KRRDFLB X1x0.195006 + X2x1.054402 +
X4x1.099619 + X5%1.066334 +

+ X6x0.096539 + X7x0.119710 + X8x0.808857 +
X9%1.359550 + X10x1.193117 +

+ X11x1.178243 + X12x0.979160 + X13x0.923724 +
X14x1.251910 + X15x1.565490 + X16x1.089057 +
X17%x1.509904 + X19x1.111819 + X20%0.854634 +
X22x0.949557 + X23x1.248157 + X24x1.435077 +
X26x1.548784 + X27x1.519191 + X28x0.661533 -
0,762931.

Thus, among the 30 analysed factors, 24 most
significant risk factors were selected that have the
greatest impact on the development of severe pathology:
X1 — age; X2 — sex; X4 — pathogen of LB; X5 —
affected system; X6 — IgM (IU/ml); X7 — 1gG (1U/ml);
X8 — P41; X9 — P39; X10 — OspC Ba (B. afzelii); X11 —
OspC Bb (B. burgdorferri); X12 — OspC Bg (B. garinii);
X13 — IgM; X14 — VLsE (B. afzelii); X15 — VLsE (B.
burgdorferri); X16 — VLsE (B. garinii); X17 — Lipid Ba

04
03
02

0.1

Component 2 (12.161%)

0.1

-02

03

04

(B. afzelii); X19 — P83; X20 — P41; X22 — OspC (B.
afzelii); X23 — P58; X24 — P21; X26 — P19; X27 — P18;
X28 — 1gG.

ROC-analysis and PCA method were carried out
in children to identify the level of difficulty of Lyme
Borreliosis.

Figure 10 shows the visualization results of the PCA
method for the analysis of localized (black dots) and
disseminated (gray dots) forms of Lyme Borreliosis.

In Figure 1, 30 factors are shown in different
directions, which have different effects on the severity
of the course of LB. In particular, the increase in factors

Y10, ¥12, X16, ¥17, X18, Y21, Y22, X23, X24,

X30 and a decrease in the X3 factor will contribute to
an increase in the severity of the course of LB, namely
the occurrence of a disseminated form (class 1).

Conversely, a decrease in the factors ¥10, X¥12, ¥16,
X17,X18, ¥21, X22,X23, X¥24 ¥30 and increasing

the factor X3 will help to reduce the severity of the
course of LB, namely the occurrence of a localized form
(class 0).

PCA

14
132%
AEIRS s 1

ox10

1

03 0.2 0.1

0 0.1 0.4
Component 1(19.471%)

03

Figure 10 — Visualization of the results of the PCA method for the analysis of Lyme Borreliosis forms

DISCUSSION

Lyme Borreliosis (LB) is a zoonotic multisystem
disease. Lyme disease (LD) is caused by three species
of Borrelia burgdorferi: (Borrelia afzelii, B. garinii and
B. burgdorferi sensu stricto) and has different stages,
including localized, early disseminated. Various
computer diagnostic systems are used to diagnose Lyme
disease in people [9, 10, 11, 12], which are implemented
in mathematical methods of biomedical signal
processing [13, 14, 15], algorithmic support and
software to diagnostic acute and late disseminated forms

(joint, neurological, cardiac). Having made the
analytical review a high actuality of the development of
mathematical models to predict a difficult period of
Lyme Borreliosis in children, it was proved to be used.
Limited evidence of infected cases with tick-borne
pathogenes in patients tested for Lyme neuroborreliosis
in the Netherlands [11].

Therefore, prospective studies on humans with tick
exposure are necessary to describe the prevalence,
etiology, and clinical symptoms of tick-borne diseases
rather than Lyme Dborreliosis and tick-borne
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encephalitis. In particular, a multifactor progressive
model to predict localized and disseminated forms of
Lyme Borreliosis was proposed in the article. The
proposed model can be used for previous investigations
in neuroborreliosis [11].

Using linear logistic and multivariate regression
analysis, factors were identified for constructing a
compartmental mathematical model for constructing a
multivariate regression model for predicting the severe
course of Lyme borreliosis in children.

According to the PCA algorithm described above, a
model-free factor analysis is used to assess the severity
of the course of LB in the form of localized and
disseminated forms.

To study localized and disseminated forms of Lyme
borreliosis in children, cluster analysis and decision tree
were used. A multifactorial regression model for
predicting the severe course of Lyme borreliosis in
children was developed and implemented. New methods
for organizing and optimizing the processes of
predicting the severity of Lyme borreliosis using
standardized scales of Lyme disease severity, possible
organ and system damage are proposed.

The severity of LB is assessed in the form of
localized and disseminated forms. On the basis of the
obtained results, the features of the diagnosis of various
forms of Lyme disease have been established in the
Phynton and MatLab programs, which will facilitate the
prognostic stage of providing medical care [16]. There
is still a need to improve the diagnosis and treatment of
children with Lyme Borreliosis, to find out the
awareness of parents of children about this vector-borne
infection; to conduct a comprehensive study of Ixodes
ticks to detect infection with their pathogens in bitten
children with clinical suspicion of LB in Ternopil region
and other regions of Ukraine.
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A simple but interpretable probabilistic model for
predicting the number of registered cases of infectious
diseases was proposed in the research. The applied
Bayesian Monte Carlo regression system is easily
extensible and allows the inclusion of prior knowledge
about the subject area, making it suitable for use on
limited but complex data sets often encountered in
epidemiology [17].

CONCLUSIONS

Having made an analytical review of publications on
the use of artificial intelligence in medicine, in particular,
infectology and the analysis of papers by years in the
Scopus scientometric database, the following conclusions
were made: there is a growing scientific interest in the
problem of studying the causes of the onset and
progression of Lyme Borreliosis, so such studies are
extremely relevant for improving and maintaining patient
health. A mathematical model for predicting the severity
of the form of Lyme borreliosis based on multivariate
regression analysis was developed, on the basis of which
a medical calculator for practitioners with a prediction
accuracy of 95% was developed.

Prospects for further research. We would like to
emphasize that it is necessary to expand the existing
database of patients with existing research methods, add
the non-erythematous form of Lyme borreliosis.
Conducting a comprehensive use of various machine
learning methods, using cluster analysis, regression
analysis, decision trees, and the PCA method, for a
more complete diagnostic assessment of the course of
Lyme borreliosis in children is very perspective and
should be taken into consideration making future
investigations. Taking into account modern approaches
[18], we are going to use the example of a virtual globe
in the analysis of the spread of Lyme borreliosis.
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