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Abstract

Lyme borreliosis (LB) is the most common vector-mediated disease caused by spirochetes of
the Borrelia burgdorfery sensu lato(s.I) complex, which are vectored by Ixodes ticks. The
disease tends to be prolonged and chronic. The aim of this study was to develop a multifactorial
model for predicting the severe course of Lyme borreliosis in children and to evaluate its
effectiveness using Claster analysis and PCA methods. Silhoutte scor method and the Calinski-
Horabasz score methods were used for developing mathematical prognosis of severe forms
LB. To build a prognostic model of Claster analysis, 143 patients with Lyme disease were
examined using multivariate regression analysis who were admitted to the Ternopil Regional
Children's Hospital. The model was clustered based on the coefficients. The sum of points from
1 to 10 indicates a mild form of the disease, from 10 to 20 - a severe form of the disease.
Therefore, the result is that the Localised form is mild and severe and the Disseminated form
is divided into mild and severe.
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1. Introduction

Lyme borreliosis (LB) is the most common vector-mediated disease caused by spirochetes of the
Borrelia burgdorfery sensu lato(s.l) complex, which are vectored by Ixodes ticks. The pathogen affects
the skin, nervous system, musculoskeletal system, heart, and eyes. The disease tends to be prolonged
and chronic.

The clinical picture of Lyme disease [1] includes early localized, early disseminated, and late
disseminated stages. In the early period, stage | of localized infection is distinguished when the
pathogen enters the skin after a tick bite. The early localized stage of the disease begins 3-30 days after
atick bite. Diseases caused by B. burgdorferii sensu stricto are usually inflammatory in nature and more
often cause single or multiple EM, arthritis and carditis. In areas with endemic infection, previous
subclinical infection with seroconversion is common, and symptoms of seropositive patients may be
incidental [2, 3, 4]. Patients with active Lyme disease almost always have objective signs of infection
(erythema migrans (ME), facial nerve palsy, arthritis). Nonspecific symptoms usually accompany these
specific signs but are almost never the only evidence of Lyme disease [1].

The division into stages is quite arbitrary and largely based on clinical manifestations and time since
infection. It should be noted that the disease can gradually move from one stage to another or bypass
any of them, as well as appear for the first time at any stage without the presence of the previous one.
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Only children with localized form (erythema migrans) and disseminated form were admitted to the
Ternopil children's regional hospital.

According to European authors, LB manifests itself as a skin disease in 80-90 % of patients, while
lesions of other organs and systems are reported in about 10-20 % of patients [5-7]. Insufficient
consideration of the epidemiological history, hereditary and allergic history leads to misdiagnosis and
possible errors in the treatment of the disease. Hematogenous spread of the bacteria occurs within days
or weeks after a tick bite; the host's immune response often leads to specific symptoms [1].

The Aim of the study was to analyse clinical and immunological cases of the disease, to identify the
main markers leading to chronicity of the disease, to optimise the diagnostic search using mathematical
analysis, to develop a multifactorial model for predicting the severe course and damage to organs and
systems in Lyme borreliosis in children and to evaluate its effectiveness using Claster analysis and PCA
methods.

2. Materials and methods

In the research difeerent materials and methods were used, such as general clinical (questionnaire),
objective examination, immunological-ELISA (total antibodies of classes M and G to antigens of the
Borrelia burgdorfery complex sensu lato(s.l), immunoblot specific antibodies of classes M and G to B.
burgdorfery sensu lato (s. ), epidemiological (unified questionnaire), molecular biological, statistical
(methods of parametric and non-parametric statistics with the calculation of Student's criteria using the
computer programs "Microsoft Office Excel™ and "Statistica™).

To build a prognostic model of Claster analysis, 143 patients with Lyme disease were examined
using multivariate regression analysis who were admitted to the Ternopil Regional Children's Hospital.
The study was conducted in the laboratory of the Center for the Study of LB and Other Tick-Borne
Infections. 143 children with Lyme disease were examined (aged 13+3 years) from 1 year to 18 years,
including 74 boys and 70 girls. Groups of patients: 80 children with erythema migrans, 16 with Lyme
arthritis, and 27 with nervous system damage due to Lyme disease and non erythema forms 20 children.

The study participants answered the questions of a single international questionnaire. The detection
of Borrelia in ticks was performed by the polymerase chain reaction PCR method [4].
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Figure 1: The design of the study

1. Inclusion criteria:

- epidemiological (residence in an endemic area);

- Clinical complaints of patients (erythematous skin lesions, cardiovascular system lesions, Lyme
arthritis, clinical signs of nervous system lesions);



- infectious confirmation of the diagnosis: a two-stage study.

The following notation describes the linkages used by the various methods:

»  Cluster r is formed from clusters p and q.

* n, isthe number of objects in cluster r.

* X, isthe ith object in cluster r.

»  Single linkage, also called nearest neighbor, uses the smallest distance between objects in the
two clusters.

d(r,s) = min(dist(xyj, X)), 1 € (i,...,n,),j € (1,...,ny)

+  Complete linkage, also called farthest neighbor, uses the largest distance between objects in the
two clusters.

d(r,s) = max (dist(xri,xsj)),i €(,...,n.),jE€(1,...,ng)

»  Average linkage uses the average distance between all pairs of objects in any two clusters.

n, ng

1
d(r,5) = —— > " dist(xrxy)
re's

i=1j=1

»  Centroid linkage uses the Euclidean distance between the centroids of the two clusters.
d(r,s) = |I%: — Xsll2,

where
Ny

1

Xy = Xri
N, 4
=1

»  Median linkage uses the Euclidean distance between weighted centroids of the two clusters.
d(r,s) = |I%: — Xsll2,
d(r,s)=II"xr—"xsll2,

where %,- and X are weighted centroids for the clusters r and s. If cluster r was created by combining
clusters p and q, X, is defined recursively as

1
Xr Zz(fp"‘fq)

»  Ward's linkage uses the incremental sum of squares, that is, the increase in the total within-
cluster sum of squares as a result of joining two clusters. The within-cluster sum of squares is defined
as the sum of the squares of the distances between all objects in the cluster and the centroid of the
cluster. The sum of squares metric is equivalent to the following distance metric d(r, s), which is the
formula linkage uses.

_ 2n,ng = =
d(T, S) - (ny+ng) ”xr xs”Z,

where

0 |l |l,isthe Euclidean distance.

0 X, and i, are the centroids of clusters r and s.

0 n, and ng are the number of elements in clusters r and s.



In some references, Ward's linkage does not use the factor of 2 multiplying nrns. The linkage
function uses this factor so that the distance between two singleton clusters is the same as the Euclidean

distance.

»  Weighted average linkage uses a recursive definition for the distance between two clusters. If
cluster r was created by combining clusters p and g, the distance between r and another cluster s is
defined as the average of the distance between p and s and the distance between g and s.

&= (d(p,q) +d(q,s))

2

A linkage is the distance between two clusters.

3. Cluster analysis

Table 1

Identification of potential risk factors for localized and disseminated forms of LB

Variable of the model Name of factor
Xq Age
Xy Sex
X3 Causative agent of infection
X4 Number of ticks
X5 Affected system
Xg IgM (RU/ml)
X7 IgG (RU/ml)
Xg Ig G (in dynamics)
X9 VLsE IgM
X10 P41 IgM
X1 P39 IgM
X1 OspC Ba (Borrelia afzelii)
X13 OspC Bb (Borrelia burgdorferri)
X14 OspC Bg (Borrelia garinii)
X15 IgM
X16 VLsE (Borrelia afzelii) 1gG
X17 VLsE (Borrelia burgdorferri) 1gG
X1g VLsE (Borrelia garinii) 1gG
X19 Lipid Ba (Borrelia afzelii) 1gG
X20 Lipid Bb (Borrelia burgdorferri) 1gG
X21 P83 IgG
X7 P41
X3 P39 IgG
Xo4 OspC (B. afzelii) 1gG
Xy5 P58IgG
Xy P21IgG
X97 P20IgG
X28 P191gG
X29 P18IgG
X30 IgG

Using multivariate regression analysis, we analysed 28 probable factors for the onset

progression of Lyme borreliosis.

and



After conducting the classical method of determining the number of clusters in our general sample,
the classical approach was to use 2 methods: Silhoutte score and Calinski-Horabasz score.

We can see that the result of the first method (Silhoutte score) tends to be closer to 3 clusters, while
the second method (Calinski-Horabasz) fluctuates between three and four clusters, although it is more
inclined to four clusters in our overall sample (larger break at four clusters).
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Figure 2: Results of cluster analysis using the Silhoutte score method (a) and the Calinski-Horabasz
score method (b)

Further cluster analysis is carried out by analysing two principal components. Figure 3 shows a tree

dendrogram.
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Figure 3: Tree dendrogram

According to the first message (Figure 3), the distance between the centres of the clusters is shown
on the -Y axis, and the number of clusters or iteration numbers is shown on the X axis. We find the
centre of mass (0 on the Y-axis) of the cluster. We start from this point 0, and start counting the number
of clusters from this point.

We find the only centre of mass whose standard deviation to each of the points is maximum.We set
up two classes.

Our tree has branched into two branches, in particular, in the second iteration (2 on the x-axis), our
data is branched into two branches: one thinner and longer branch branches upwards, and a shorter and
thicker branch is placed at the bottom of the figure. The thickness of the branches is proportional to the
number of patients in the respective cluster. In particular, we observe that the thickness of the bottom
cluster is twice the thickness of the top cluster. In this analysis, we study the number of similar groups.

The next step is to iterate with three clusters. We observe further potential branching of the branches
and the tree clusterogram.

Analysing Figure 3 along the vertical positional line numbered 3 on the x-axis, which is parallel to
the y-axis.

+  Computing linkage (YY) can be slow when y is a vector representation of the distance matrix.
For the 'centroid’, 'median’, and ‘ward' methods, linkage checks whether y is a Euclidean distance. Avoid
this time-consuming check by passing in X instead of Y.

»  The'centroid' and 'median’ methods can produce a cluster tree that is not monotonic. This result
occurs when the distance from the union of two clusters, r and s, to a third cluster is less than the distance
between r and s. In this case, in a dendrogram drawn with the default orientation, the path from a leaf
to the root node takes some downward steps. To avoid this result, use another method. This figure shows
a nonmonotonic cluster tree.

To evaluate the significance of the influence of the factor attributes, a stepwise multivariate
regression analysis was performed using Statistica 10.0. Initially, a correlation matrix was obtained, in
which the absence of pairwise correlation coefficients greater than 0.7 was established. Thus, the
absence of multicollinear factors for predicting the severity of LD gives grounds to use all 28 of the



above factors to build a regression model. The next step was to calculate the regression coefficients "b"
(Beta), which reflect for each selected factor the relationship of influence on the severity of Lyme
borreliosis in the examined patients. The result of obtaining significant factors for this coefficient in
multivariate regression analysis in Statistica 10.0 is shown in Figure 4.

Regression Summary for Dependent Variable: RCDLB_B (1 in 1)

R=,99415581 R?= 98834577 Adjusted R?= 98441738

F(30,89)=251,59 p<0,0000 Std.Error of estimate: 57960

b* Std Err. b Std Err. 1(89) pvalue
N=120 of b* of b
Intercept -1,02657,  0,306333  -335114 0,001183
e 0,197909 0,013937 0,20971| 0,014768 1420074  0,000000

Sex 0,087996  0,014586 0,82107| 0,136096 6,03303, 0,000000
Causative agent of infection 0,158662  0,013582 1,02726/ 0,087939 11,68146  0,000000
Number of ticks 0,050376  0,015034 076351,  0,224871 3,35085 0,001184
Affected system 0,202755 0,0157146 0,99810| 0,074559 13,38676  0,000000
IgM (RU/ml) 0,157043  0,013937 0,08692 0,007714 11,26815 0,000000
IgG(RU/ml) 0,193715  0,014733 0,11686, 0,008888 13,14827 0,000000
Ig G (in dynamics) 0,015445 0,014036 0,14966  0,136001 1,10041  0,274122
VLsE IgM 0,007689 0,012840  0,39109 0,653058  0,59885 0550792
P41 igM 0,102231 0,018464 1,00921) 0,182275 553676 0,000000
P39 IgM 0,069012 0,014356 1,21147| 0,252008 480728 0,000006
OspC Ba (Borrelia afzelii) IgM 0,105884  0,024465 1,26526| 0,292349 432792 0,000039
OspC Bb (Borrelia burgdorferri) 0,067869  0,021341 1,04603 0,328920 3.18019  0,002026
OspC Bg (Borrelia garinii) IgM 0,085734  0,024711 1,06368 0,306578 3,46951 0,000806
Ig 0,072928 0,021779 0,80751 0,241151 3,34855 0,001192
VLsE (Borrelia afzelii) IgG 0,094616  0,025186 1,17388 0.312471 3,75677  0,000307
VLsE (Borrelia burgdorferri) IgG 0,095609 0,023215 1,04521  0,253783 4 11850  0.000085
VLsE (Borrelia garinii) IgG 0,081841 0,023195 1,03659 0,293781 3,62843  0,000664
Lipid Ba (Borrelia afzelii) IgG 0,024137  0,014567 0,62173  0.375219 1,65698 0,101044
Lipid Bb (Borrelia burgdorferri) 1gG 0,019028 0,016189 056352 0,479442 117536  0,242984
P83 IgG 0,055239 0,017133 0,96970) 0,300758 3.22417  0,001767
P41 0,138898  0,020558 1,28517| 0,190213 6,75648, 0,000000
P39 1gG 0,062252  0,020826 1,15391)  0.386031 2,98916  0,003616
OspC (B. afzelii) IgG 0,073155  0,021842 072714, 0217107 334924 0.001190
P58 IgG 0,028588 0,019602  0,52991 0,363341  1,45844 0,148238
P21 1gG 0,081749  0,014673 1,36760 0,245477 567117 0,000000
P20 IgG 0,019821 0,015815 0.71587| 0.,571205 1.25327  0,213390
P19 1gG 0,040226  0,015905 1,45287| 0,574465 252907 0,013198
P18 IgG 0,014557  0,017001 0,25565| 0,298447  0,85625 0,394158
| 0,063191  0,023860 0,58896, 0,264191 2,22931) 0,028311

Figure 4: The result of obtaining significant factors for predicting CRDDFLB- in multivariate regression
analysis in Statistica 10.0



Regression Summary for Dependent Variable: RCDLB_B (1 in 1)

R= 99312677 R?= ,98630078 Adjusted R?= 98305251

F(23.97)=303,64 p<0,0000 Std.Error of estimate: ,61081

b* Std.Err. b Std.Ermr. 1(97) pvalue
N=121 of b* of b
Intercept | -1,04795  0.306060| -3,42400| 0,000906
0,194991 0,014344 0,20935 0,015400| 13,59392 0,000000

Sex 0,089866, 0,014627  0,84820| 0,138063  6,14361 0,000000
Causative agent of infection 0,151474| 0,013749 0,99446  0,090268) 11,01681| 0,000000
Number of ticks 0,045341| 0,013872 0,68806 0,210512 3,26854| 0,001496
Affected system 0,209334| 0,014574 1,03436) 0,072014| 14,36322 0,000000
IgM (RU/ml) 0.158079  0,013727 0,08879 0,007710 11,51555/ 0,000000
IgG(RU/ml) 0,195187 0,014583  0,11915| 0,008901 13,38490, 0,000000
P41 IgM 0,096095 0,018397  0,95447| 0,182725 522356 0,000001
P39 IgM 0,064102, 0,013948 1,14149 0,248385 4,59564  0,000013
OspC Ba (Borrelia afzelii) IgM 0,129186, 0,023997  1,53841| 0,285765  5,38349 0,000001
OspC Bb (Borrelia burgdorferri) 0.062034 0.019392  0,96976| 0.303145  3.19898 0.001864
OspC Bg (Borrelia garinii) lgM 0,085913 0,023024  1,08073| 0,289626  3,73149 0,000321
IigM 0,059896, 0,021575 0,66361  0,239040 2,77614  0,006602
VLsE (Borrelia afzelii) IgG 0,093759| 0,025791  1,15674| 0,318188|  3,63540/ 0,000446
VLsE (Borrelia burgdorferri) IgG 0.093741 0021737  1,02606| 0.237926  4.31251 0.000039
VLsE (Borrelia garinii) 1gG 0,093045 0,022653  1,17044| 0,284964  4,10732] 0,000084
P83 IgG 0,064653, 0,016276 1,15132)  0,289833 3,97235| 0,000137
P41 0,139957 0,019134  1,30830| 0,178859  7.31468 0,000000
P39 IgG 0.082135 0,016384  146262| 0.291755 501319/ 0,000002
OspC (B. afzelii) lgG 0,076837 0,020260  0,78818| 0,202551  3,89125 0,000183
P21 1gG 0,093464| 0,014496 1,68605  0,245987 6,44769| 0,000000
P19 IgG 0,058826| 0,013941 2,15584 0,510892 4,21977,  0,000055
IgG 0,038648 0,021501 043372  0,241289 1,79751  0,075365

Figure 5: The result of obtaining significant factors for predicting CRDDFLB- in multivariate regression
analysis in Statistica 10.0 without factors IgG

Regression Summary for Dependent Variable: RCOLB_B (1 in 1)

R= 99289700 R?= 98584446 Adjusted R?= 98266668

F(22,98)=310,23 p<0,0000 Std.Error of estimate: 61772

b* Std_Err. b Std.Err. t(98) pvalue
N=121 of b* of b
Intercept [ -1,07264)  0,309212| -3,46895 0,000778
0,196823| 0,014470 0,21131) 0,015535 1360250 0,000000

Sex 0.090540, 0.014788  0,85457| 0,139580| 6,12247 0.000000
Causative agent of infection 0,156225 0,013744| 1.01908| 0,090232| 11,29405 0,000000
Number of ticks 0,044496| 0,014021 0,67524| 0,212772 3,17356| 0,002012
Affected system 0,204494| 0,014486 1,01044 0071576/ 1411711 0,000000
IgM (RU/ml) 0,158270, 0,013882) 0,08889| 0,007797| 1140076 0,000000
IgG(RU/ml) 0,198349 0.014640/ 0.12108| 0,008936 13,54844 0,000000
P41 IgM 0,090314 0,018318| 0,89705 0,181947 493028 0,000003
P39 IgM 0,058075| 0,013693 1,03417  0,243833 424133 0,000050
OspC Ba (Borrelia afzelii) IgM 0,122949, 0,024013|  1,46414| 0,285962| 5,12003| 0,000002
OspC Bb (Borrelia burgdorferri) 0,063320, 0,019598| 0,98986| 0,306368  3,23094) 0,001680
OspC Bg (Borrelia garinii) IgM 0,081810, 0,023170/  1,02911| 0,291461 3,53089) 0,000633
IgM 0,071089, 0,020891 0,78761) 0,231460 3,40280, 0,000967
VLsE (Borrelia afzelii) IgG 0.108828 0,024666|  1,34266| 0,304315| 4,41207| 0.000026
VLsE (Borrelia burgdorferri) IgG 0,100051 0,021695|  1.09512| 0237461 461181 0,000012
VLsE (Borrelia garinii) IgG 0,093942 0,022904| 1,18172| 0288120 4,10149/ 0,000085
P83 1gG 0,064251| 0,016459 1,14414  0,293086 3,90378 0,000174
P41 0,151632| 0,018201 141743 0,170144  8,33078 0,000000
P39 IgG 0,085979 0,016427| 1,53108| 0,292533| 5,23387 0,000001
OspC (B. afzelii) IgG 0,078117 0,020485| 0,78098| 0,204803  3,81330, 0,000240
P21 1gG 0,099636| 0,014243 1,69079 0,241690 6,99570 0,000000
P19 IgG 0,065098 0.013650| 238568 0,500232| 4,76914) 0,000006

Figure 6: The result of obtaining significant factors for the prediction of CRRFLB in multivariate
regression analysis in Statistica 10.0 without IgG factor



Based on the results of the multivariate regression analysis of predicting the development of severe
Lyme borreliosis, which are shown in Figure 6 and Table 1, we build a mathematical model to determine
the coefficient of risk factors of developing LB (CRFDLB):

CRFDLB =X1*0,21131+X2*0,85457+X3*1,01908+X4*0,67524+
+X5*1,01044+X6*0,08889+X7*0,12108+X10*0,89705+X11*1,03417+
+X12*1,46414+X13*0,98986+X14*1,02911+X15*0,78761+X16*1,34266+
+X17*1,09512+X18*1,18172+X21*1,14414+X22*1,41743+X23*1,53108+
+X24*0,78098+X26*1,69079+X28*2,38568-1,07264

To evaluate the quality of the regression model, it was necessary to analyse the residual deviations,
in particular, to obtain their histogram (Figure 7). As can be seen from the histogram, the residual
deviations are distributed symmetrically, approaching the curve of the normal distribution of the
residuals, so the statistical hypothesis about their distribution in accordance with the normal distribution
law is not rejected.
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Figure 7: Histogram of residual deviations of the multivariate regressién model for predicting-_the
CRFDLB

In order to further confirm the residual deviations from the normal distribution law, a normal-
probability graph was constructed (Figure 8). Analysing its data, we note the absence of systematic
deviations from the normal probability line. This allows us to conclude that the residual deviations are
distributed according to the normal distribution law.



Normal Probability Plot of Residuals
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Figure 8: Normal probability plot of residual deviations of the m-ultlivariate regressigr; model for
predicting the CRFDLB

To check the dependence of the residual deviations on the predicted values, we construct a scatter
plot (Figure 9).

Based on the results obtained, we note that the residuals relative to the predicted values are scattered
randomly, which indicates that there is no dependence on the predicted values of the CRRFLB. The
histogram and the normal probability plot confirm that the residual deviations follow the normal
distribution law. Thus, the obtained model for predicting the risk of thrombosis is qualitative and
adequate.
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Figure 9: Scatterplot of residual deviations of the multivariate regressibn model for predicting CRFDLB



The next step was to evaluate the overall goodness of fit of the model, for which we performed an
ANOVA analysis (Figure 10). Analysing the data obtained, we can conclude that the model for
predicting the CRRFLB is highly satisfactory in general using ANOVA analysis, since the significance
level is p<0.001, and the model itself will work better than a simple forecast using average values.

Analysis of Vanance, DV: RCDLB B (1in 1)
Sums of | df Mean F p-value
Effect Squares Squares
Regress. | 2604 E_J‘I! 22| 118,3769 310,2311 0,00
Residual 37,394 98 0,3816
Total 2641,686

Figure 10: Analysis of the coefficient of determination of the multivariate regression model for
predicting the CRRFLB

To further evaluate the quality of the mathematical model of the CRRFLB, we analysed the
coefficient of determination of the Neijelkerk (R?), which shows what part of the factors is taken into
account in the forecast. It is considered a universal measure of the relationship between one random
variable and others. The coefficient of determination varies from 0 to 1. The more its value approaches
"1", the better the multivariate regression model is. In the proposed mathematical model of the
CRRFLB, the coefficient of determination is R2=0.9858 (in Statistica 10.0 R?=,98584446 (Fig. 10)).
Thus, in our case, 98.58% of the factors are taken into account in the CRRFLB prediction model. The
coefficient of determination indicates the extent to which the observations confirm the mathematical
model.

4. Discussion

Nonspecific symptoms, such as arthralgias, myalgias, fatigue, headaches, irritability, stiff neck
muscles, and paresthesias, often last for a long time. Systemic symptoms, including myalgia and
arthralgia, can accompany EM, especially in Bb and Bg infections [2].

LA is manifested by fever, persistent monoarthritis, and synovitis. Children with joint involvement
caused by Lyme disease have more frequent knee involvement, pain, myalgia, and lower peripheral
leukocyte counts; they are less likely to have fever compared to children with septic arthritis [7].
Serologic tests (ELISA and immunoblot) are the gold standard for verifying the diagnosis even in the
absence of an epidemiologic history. The main immunodominant proteins are OspC, VISE, OspA,
BmpA, p66, P83/100. Thus, innate and adaptive forms of immunity are mobilized to fight the infection.
Most often, specific IgM antibodies in the immunoblot are detected against antigens P18, OspC, P39,
P41 from B. afzelii strains; P39, p 41, P 66, P83 from B. garinii strains; OspC, OspA from B. burgdorferi
sensu stricto strains. Small amounts of Ig M to flagellin P41 and the membrane protein OspC are
detected in the first days of the disease. Their titers increase over 4-6 weeks, and in untreated patients
longer.

During the period of generalization of the infectious process, 1gG against a number of proteins, such
as P39, P58, appear. At the late stage of the disease, a wide range of antibodies to borrelia proteins
P83/100, P58, P43, P39, P30, P21 Ospl7, P14 appear [8, 9,10].

Genetic testing for HLA antigen B27 is essential in the differential diagnosis of arthritis [11]. The
presence of HLA-B27 is associated with certain autoimmune and immune-mediated diseases, including
ankylosing spondylitis, which causes inflammation of the spinal bones, and reactive arthritis. In three
patients with arthritis, we discovered a gene HLA-B27.

Additional B. burgdorferi epitopes may be involved in the development of antibiotic-resistant Lyme
arthritis. OspA163-175 remains the only known recognized epitope of BB and related diseases [12].

Patients with antibiotic-resistant arthritis usually have certain HLA-DRB1 molecules that bind the
B. burgdorferi epitope to the outer surface (OspA163-175), and the cellular and humoral immune
response to OspA is greater than in patients with antibiotic-responsive arthritis [13].



A number of scientific works have used the method of mathematical forecasting to assess the course
of diseases [14,15,16]. To develop the model, we conducted a retrospective analysis of clinical and
laboratory data from a cohort of pediatric patients diagnosed with Lyme borreliosis. We then developed
a scoring system based on these factors and evaluated its performance using ROC analysis [17]. The
addition of the group of patients with erythema-free form in the cluster analysis resulted in a division
into four clusters.

Initial factors are after constructing the correlation matrix without taking into account the number
of bites (X3), Lipid Bb (Borrelia burgdorferri) (X18), P39(lgG) (X21), and P20(IgG) (X25), there were
no multicollinear factors, as there were no pairwise correlation coefficients greater than 0.7. All of the
above 24 factors were used to build a multivariate regression model.

The works [18, 19, 20, 21] consider approaches to the development of medical sensor monitoring
tools, the main component of which is data transmission through electronic communication channels
and networks [22-24]. Thanks to such approaches, appropriate sensors were used to register the
indicators, which are listed in Table 1.

5. Conclusions

1. PCA and Claster metods should be used in diagnostic of Lyme disease

2. The model was clustered based on the coefficients. The sum of points from 1 to 10 indicates a
mild form of the disease, from 10 to 20 - a severe form of the disease. Therefore, the result is that the
Localised form is mild and severe and the Disseminated form is divided into mild and severe.
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