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Abstract

Introduction. The most common etiological agents of ixodid tick-borne borreliosis (ITBB) in Russia are Borrelia
garinii, B. afzelii, B. bavariensis. Multilocus sequence typing and multilocus sequence analysis (MLSA) have been
used in recent studies for Borrelia species identification. The results of using the MLSA scheme for identification
of pathogens causing erythemic forms of ITBB have been presented earlier.

The purpose of the study was to explore the possibility of MLSA optimization for laboratory identification of ITBB
pathogens. Objectives: comparative analysis of nucleotide sequences of 6 conserved genes (rrs, hbb, fla, groEL,
recA, ospA) and the rrfA-rriB intergenic spacer, which are recommended by the MLSA protocol; identification
of the minimum set of genes, the concatenated sequences of which are essential for species identification of
Borrelia isolates.

Materials and methods. The sequences of the above loci of 23 reference isolates collected from patients with
ITBB and assigned, using MLSA, to B. bavariensis were compared with the sequences of similar genes of
other Borrelia species available in international databases. The UPGMA method was used to build and analyze
dendrograms based on the obtained data.

Results. The sequences of ospA gene loci of reference species demonstrated the greatest difference (not less
than 8.5%) from the sequences of the above gene in other analyzed species of Borrelia; approximately similar
species-related differences (not less than 6.7%) were demonstrated by the comparison of recA gene sequences.
The sequences of the identified variants of these two genes in B. bavariensis differed from the sequences of the
similar genes in the most closely related species — B. garinii. The dendrogram of the concatenated nucleotide
sequences of recA and ospA genes demonstrated that it was totally consistent with the results of identification of
the isolates based on the MLSA protocol.

Conclusion. The optimized approach to MLSA of the B. burgdorferi sensu lato group suggests that species
identification should be based on the concatenated analysis of loci of only two genes (recA and ospA) out of 7 loci
recommended by the MLSA protocol.
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OnTuMmnsaymna MynbTUIOKYCHOIO CUKBEHC-aHaIM3a
ANnA naboparopHom naeHTuduKauum Bosbyanrenen
MKCOQO0BOIO K/ewweBoro 6oppenmnosa

lfonngoHoBa K.A.*, KopeH6epr 3.U., lnHu6ypr AJl.

HawumoHanbHbI nccnefoBaTeNIbCKUN LEHTP SMNMAEMUONOTN 1 MUKPOOUONOr UMEHM MOYETHOrO akageMunKa
H.®. lamanen, Mocksa, Poccus

AHHOMayus

BBeaeHue. Hanbonee LnMpoko pacnpocTpaHEHHbIE 3TUOMOrMYECKNe areHTbl MKCOAOBOrO KreleBoro 6oppenu-
o3a (MKB) B Poccun — Borrelia garinii, B. afzelii, B. bavariensis. Ona onpepenexHus BuaoBOW NpUHaaexHo-
cTn Goppenuin B COBPEMEHHbLIX UCCNENOBaHUAX UCMOMb3YOT METOAbI MYMNbLTUITOKYCHOIO CUKBEHC-TUMUPOBAHMS
n cukBeHc-aHanmsa (MJICA). PaHee Gbinu npogeMOoHCTpMpoBaHbl pesynbratbl NpumeHeHus cxembl MITICA ons
naeHTudunkaumm Bo3dyantenei sputemHbix ¢opm UKB.

Lenb pabotbl — mn3y4nTb BO3MOXHOCTb onTumu3daumn MJICA gna npaktudeckon nabopartopHon naeHTudum-
kauuun Bo3byauTenen VKB. 3apaun: cpaBHUTENbHBLIN aHanM3 HyKneoTUAHbIX NMOCNefoBaTENbHOCTEN NTOKYCOB
6 KOHCepBaTUBHbLIX reHOB (rrs, hbb, fla, groEL, recA, ospA) n mexreHHoro cnewcepa rrfA-rriB, peKOMeHLOBaHHbIX
npotokonom MJICA; BbiiBNneHME MUHUMANbHOW COBOKYMHOCTU FE€HOB, CLIEMNNEHHbIE CUKBEHCbI KOTOPbIX NMO3BOrS-
0T OAEHTUULMPOBATL BUAOBYIO NMPUHAAMNEXHOCTL N3onsaTa Goppenui.

Matepuansi u MeToabl. CUKBEHChI BbILLENPEACTABMNEHHBIX NMOKYCOB 23 «KOHTPOIbHBIX» U30MATOB, NONYy4YEeHHbIX
ot 6onbHbix KB 1 npeaBaputensHo TunupoBaHHbix metogom MIICA kak B. bavariensis, ncnonb3oBaHbl Anis
CpaBHUTENbHOIO aHanu3a c NocnefoBaTeNnbHOCTAMY aHaNorMYHbIX reHOB ApYrMx BUA0B 6oppenuii, UMerLLMmMu-
cA B MexayHapogHbix 6asax AaHHbIX. Ha ocHoBe atoro matepuana metogom UPGMA noctpoeHa u npoaHanu-
3MpoBaHa cepus geHaporpamm.

Pe3ynbraTtbl. CUKBEHCHI NOKYCOB reHa OSPA KOHTPOSbHOro BuAa nokasanu Hanbonbliee otnunyne (He meHee
8,5%) oT mocnegoBaTenbHOCTEW 3TOrO reHa y ApPYrnx CpaBHMBaeMbiX BUAOB Goppenun; 6rnm3kue nokasarenu
BMAOBLIX OTNNYUIA (HEe MeHee 6,7%) NPOAEMOHCTPUPOBAno CpaBHEHNE CUKBEHCOB reHa recA. CUKBEHCHI BbISB-
NEHHbIX BApWaHTOB [ABYX 3TUX rEHOB Y B. bavariensis oTnn4anvcb oT NocrneaoBaTenbHOCTEN aHanornMyYHbIX reHoB
y Hanbonee 6nuskoro Buga — B. garinii. QeHaporpamma cuenneHHbIX HYKNeoTUaHbIX NocrnegoBaTenbHOCTEN re-
HOB recA n 0SpA NpPoAeMOHCTpMpoBana eé NAEeHTUYHOCTb pedynbTataM naeHTUudnkaunum n3onaToB No NorHOMy
npotokony MJICA.

3aknroyeHue. MpeanoxeH onTUMU3NPOBaHHbIM noaxod k MICA Goppenui rpynnbl B. burgdorferi sensu lato,
KOTOpPbIN CBOAUTCS K BbISIBIIEHWNIO UX BUOOBOMN MPUHAANEXHOCTU HA OCHOBaHMU cneumndukn pesynsrata cuenneH-
HOro aHanu3a foKycOB TONbKO ABYX reHOB (recA n ospA) n3 7 NnokycoB, peKOMEHOOBaHHbIX NMPOTOKONIOM 3TOro
meToaa.

KnioueBble cnoBa: ukcodossie Kneujesbie 6oppenuodbl, MIICA, udeHmugukayusi 8036ydumens, nabopamop-
Hasi QuaeHocmuKa

Amuyeckoe ymeepxxdeHue. VlccneqoBaHve NpoBoAMNoCh Npu A06POBOSIbLHOM UHPOPMUMPOBAHHOM Cornacuy nauu-
eHToB. [poTokon uccnegoBaHns ogobpeH ATUUECKUM KOMUTETOM HalunoHanbHbIN UCCNeAoBaTENbCKUN LEHTP anuae-
MMONoruM N MMKpobuonorum uMeHy NoY€THoro akagemuka H.®. Mamanen (npotokon Ne 18 ot 21.02.2022).

BnazodapHocmb. ABTOPbI BbIpaXaloT MPU3HATENbHOCTb MHCTUTYTY U Konneram nabopaTopun, OKasbiBaBLUMM KOH-
CynbTUpOBaHWNe, NOAAEPXKKY U MOMOLLb B paboTe.

Hcmo4vHuk ¢hunaHcuposaHus. ViccnenosaHne MHAHCUMPOBANoCh 3a CHET CPEACTB, NONMyYeHHbIX AMS BbINOMHEHNS
[ocynapcTBeHHOro 3agaHusa nabopartopuu.

KoHgbnnukm uHmepecos. ABTOpbI [eKNapupyoT OTCYTCTBUE SBHbIX M MOTEHUMAaNbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybrnvkaumen HacTosLLen cTaTby.

Ana yumuposanusi: Tonnpgorosa K.A., KopeHbepr 3.U., TuHubypr A.J1. OnTummnsaums MynbsTUIIOKYCHOMO CUKBEHC-
aHanusa Ans nabopartopHon naeHTudKKaLmm Bo3byauTenen NKCoaoBoro knetesoro 6oppenunosa. XKypHan Mukpobuo-

noeuu, anudemuonoauu u ummyHobuonoauu. 2022;99(5):514-524.
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Introduction Borrelioses rank among the natural and focal zoonotic

Ixodid tick-borne borrelioses (ITBB) is a group  diseases with the highest incidence rates [1, 2].
of etiologically independent chronic or recurrent spi- Pathogens of ITBB are spirochetes of the Borre-
rochetal natural and focal transmissible infections that  lia burgdorferi sensu lato complex that includes more
can affect different systems and organs. Natural foci of  than 20 species [3], 8 out of which have been found
ITBB are commonly found in forest areas of Russia.  in Russia [4]. The most common etiological agents
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of ITBB in Russia and in most regions of Eurasia are
B. garinii, B. afzelii and B. bavariensis [1, 5]. B. ga-
rinii frequently causes moderate types of infection with
common symptoms, and erythema migrans accounts
for nearly 60% of cases. The infection process caused
by B. afzelii is often mild and is accompanied by the
erythema migrans skin lesion that develops at the tick
bite site [6, 7]. ITBB-associated erythema migrans with
diverse clinical manifestations can be also caused by
B. bavariensis [5]. Therefore, erythema migrans, which
is seen by clinicians as the only pathognomonic sign of
ITBB, more or less frequently can be caused by any of
the most common etiological agents of the diseases of
this group.

Even when the patient has erythema, the severity
and size of which can depend on several reasons, in-
cluding similar skin manifestations of different etiolo-
gy, in most cases the clinical diagnosis of ITBB must be
confirmed by laboratory tests. Addressing the problem,
different serological test methods are generally used:
indirect immunofluorescence assays, enzyme-linked
immunosorbent assays, immunoblotting, multiplex as-
says (including a phosphorescence immunoassay) and
others. These methods are characterized by different
specificity and sensitivity levels, which tend to vary
during the periods following the onset of the ITBB
disease. They are usually less effective during the first
weeks of the disease and are completely useless in sero-
negative cases that are not uncommon. The method of
direct isolation of a pathogen by seeding samples onto
the medium is highly time-limited; besides, the patho-
gen can be absent (especially during the acute stage of
the infection process) in an organ, tissues and biological
fluids of the patient. In addition, cultures of biomateri-
als cannot be used for large-scale laboratory diagnostic
ITBB tests due to the length of time required for Bor-
relia growth in positive samples. However, polymerase
chain reaction (PCR) can be used to amplify Borrelia
DNA from different materials collected from patients. Its
clinical sensitivity in cerebrospinal fluid tests is as high
as 20%; in plasma tests it ranges from 30% to 50%; in
synovial fluid tests it can be higher than 70%, and in tests
of skin biopsy samples, it reaches 80% [1, 8].

Currently, for species-level identification of Bor-
relia, researchers use methods of sequence typing
(MLST) [9] and sequence analysis (MLSA) [1] based
on identification of specific nucleotide sequences of
conserved genes [10]. As applied to species identifica-
tion of the ITBB etiology, each of these methods has
its own distinctive features. Both methods are based
on the analysis of nucleotide sequences of loci of 7-8
different conserved genes (including the rrf4-r7IB in-
tergenic spacer), which are recommended for build-
ing final dendrograms based on concatenated data. In
MLST, to build dendrograms, researchers use matrices
of mismatches in the allelic profile, ignoring the num-
ber of nucleotide differences between alleles, which are

ORIGINAL RESEARCHES

assigned different numbers whether or not nucleotide
sequences differ at one site or at many sites [10]. This
method has been used successfully for a long time for
species identification in different groups of pathogenic
bacteria; for some of them, this method is seen as the
"gold standard" [11-13]. In MLSA, on the contrary,
to identify the phylogenetic relationships between the
tested samples, researchers use concatenated sequences
of housekeeping gene fragments [4, 10]. Depending on
the source and DNA concentration, the MLST scheme
recommends a single-round or a two-round PCR with
amplification of longer fragments of conserved genes
[14], while the MLSA scheme recommends a sin-
gle-round PCR of shorter loci [10, 15]. Therefore,
for species identification of most isolates of Borrelia,
MLSA is undoubtedly less costly than MLST. The ad-
vantages and disadvantages of these methods were dis-
cussed in our previous publication [16].

We demonstrated the results of MLSA scheme
application for identification of the etiological agent of
ITBB-associated erythema migrans using the clinical
material (more than 20 isolates collected from skin bi-
opsy samples and plasma of patients). It was found that
all isolates belonged to B. bavariensis; the variability of
nucleotide sequences of loci of the analyzed conserved
genes was identified [5]. The above findings defined
the aim of our study: Exploration of the possibility to
optimize MLSA for laboratory identification of ITBB
pathogens.

The following objectives were set: The compara-
tive quantitative analysis of intraspecific heterogeneity
of nucleotide sequences of loci of 6 conserved chromo-
somal genes (rrs, hbb, fla, groEL, recA, ospA) and the
intergenic spacer (r7f4-rr{B), which are recommended
for MLSA; identification of the minimum set of genes,
concatenated nucleotide sequences of which make it
possible to identify species membership of the isolate
of the B. burgdorferi sensu lato group.

Materials and methods

A total of 23 isolates (Fig. 1-3 — Hs), which are
stored at the Borrelia Museum at the laboratory of in-
fection transmitters at the Gamaleya National Research
Center of Epidemiology and Microbiology, were used
to study nucleotide sequences of loci of 6 genes (listed
above) and the rrfA4-rriB spacer, which are recommend-
ed for MLSA [15]. The isolates were obtained from pa-
tients by seeding of skin biopsy samples onto the BSK
medium; the isolates were collected from the peripheral
area of erythemas (17 isolates) or from plasma (6 iso-
lates) of patients of the Regional Clinical Hospital of
Infectious Diseases in Perm (the east of Eastern Europe;
58°00' N; 56°15' E); the patients had a localized stage
of manifest ITBB with erythema migrans. The studied
isolates accounted for at least 30—40% of the average
number of all patients with ITBB, who are annually
admitted to this clinical hospital [6]. By culturing and
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typing of isolates using the PCR-restriction fragment
length polymorphism assay for the rrf4-rrlB spacer
site, we assigned them earlier to B. garinii NT29 [17,
18]. Based on the results of our study using the MLSA
method, these isolates were identified as B. bavariensis.
Nucleotide sequences of the primers, the PCR proce-
dure and the subsequent sequencing of amplicons were
described previously [5, 15, 19].

All the obtained nucleotide sequences were com-
pared against each other (using the BLAST® platform)
and with the nucleotide sequences of loci of similar
genes in type or reference strains of other species of
B. burgdorferi sensu lato spirochetes available in da-
tabases of GenBank INSDC and PubMLST Borrelia
spp. The unweighted pair group method with arithmetic
mean (UPGMA) was used to build a series of dendro-
grams using the MEGA-X v. 10.2.4 software with 1000
bootstrap repeats. Most of these dendrograms were
analyzed earlier [5, 19]. In this article, we discuss only
those that were required for validation of the conclu-
sions and that had not been published previously.

Nucleotide sequences of 10 loci of the studied
genes were deposited to the Genbank database (acces-
sion numbers MW981426, MZ005315-MZ005321,
OM310938-0M310939) and 4 shorter sequences were
deposited to the European Nucleotide Archive (acces-
sion numbers OD916881-0D916884).

Study results

Comparative analysis of nucleotide sequences
of gene loci recommended for MLSA

Table 1 shows similarities between nucleotide se-
quences of loci of each gene in all the studied isolates
identified as B. bavariensis based on the MLSA results,
including the earlier published data for rrs, fla, hbb and
recA genes [5, 19]. The similarity was significant (up to
99.5-100%) and did not demonstrate any difference in

isolates from skin biopsy samples and in isolates from
plasma. Some sequences of the ospA gene had mini-
mum similarity (95.3%) with loci of other genes. How-
ever, the sequences of this gene differed by 9.5-10.9%
from the sequences of the same gene B. garinii 20047T
(the closest species by the overall genome structure
[20]) and by 8.5% (more than the other genes) from the
set of sequences of commonly circulating Borrelia of
the B. burgdorferi sensu lato group. The similar vari-
ables for sequences of the recA gene were slightly low-
er compared to the ospA4 gene, though higher than in the
other studied genes (Table 1). The differences between
the nucleotide sequences of the sequenced loci of these
two genes and the sequence of the similar genome site
of the reference PBi strain of the European subgroup
of B. bavariensis were significant (up to 8.1%). The
above results prompted us to conduct a more detailed
analysis of the intraspecific heterogeneity of nucleotide
sequences of recA and ospA genes using our isolates of
B. bavariensis, including the analysis of their differenc-
es from sequences of similar genes in other Borrelia
species of the B. burgdorferi sensu lato complex.

Detailed analysis of the dendrograms of sequences of
recA and ospA gene loci and comparison of the above
data with the MLSA results

The sequences of recA genes in the analyzed iso-
lates showed that all of them fall into a large cluster with
three different allelic variants of the Eurasian genetic
subgroup of B. bavariensis: The nucleotide sequences
of most of the isolates (19 of 23) are identical with the
SZ variant, 3 are identical with the Prm7504-11 vari-
ant and 1 is identical with the Hiratsuka variant (the
GenBank accession numbers; Fig. 1). This explains a
certain dissimilarity among the nucleotide sequences of
loci of this gene in different isolates (Table 1). Never-
theless, all sequences of this gene are clearly different
from those of B. garinii and reference strains of the

Table 1. Variability of the nucleotide sequences of the set of loci (according to the results of 23 studied isolates

of B. bavariensis) of each gene

Difference from (in %)

Gene (target) Nuch—zotifje sequence similz.arity betV\geen o o ) _
skin biopsy and plasma isolates, % B. bavariensis B. garinii other Borrelia species
PBi 20047T B. burgdorferi s. |, not less than
s 100 0,4 0,2 0,8
hbb 98,5-100 1,2-1,5 1,2-1,5 43
fla 99,5-100 0,6-1,2 1,2-1,8 5,8
groEL 98,7-100 2,2-2,7 2,2-2,7 3,6
recA 97,3-100 0,7-2 2-3,4 6,7
ospA 95,3-100 4,7-8,1 9,5-10,9 8,5
Spacer rifA-rriB 98,8-100 1,7-2,3 1,7-2,3 4,8
Concatenated sequences 96,1-100 3,6-5,6 6,4-7,8 8,3

of recA and ospA gene loci
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Fig. 1. Dendrogram of nucleotide sequences
of the recA gene in the studied isolates.

Here and in Fig. 2, 3, the names of strains according
to the PubMLST Borrelia spp. database are given
in parentheses; the square brackets were used to
show accession numbers assigned by Genbank or
ENA. Hs — isolates from patients. The bootstrap
(1000) values are shown as percentage near the

respective node.

To identify the congruence between matrices of
genetic distances of recA and ospA genes, both
separately and against the matrix of concatenated
sequences, we used the Mantel test [24] in Excel
with the GenALEx add-in — R = 0.499 (recAlospA).
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most common species of B. burgdorferi sensu lato and
from the sequence of this gene in the prevalent patho-
genic B. miyamotoi, the taxonomic status of which re-
mains debatable [1]. The similar dendrogram based on
the results of sequencing of ospA gene loci (Fig. 2) does
not differ significantly from the previous one.

The MLSA results for 6 selected isolates, which
represent all the identified allelic variants of rec4 and
ospA genes of B. bavariensis (Fig. 1, 2), showed their
98.5-100.0% identity with the sequences of different
isolates from the Eurasian genetic subgroup of this Bor-
relia species (SZ, Prm7564-11, Prm7569-11, Hiratsu-
ka); the identity was slightly lower with the European
isolates, for example, with the reference PBi strain —
reaching 97.8-98.4%. At the same time, all genetic
variants of B. bavariensis, including the PBi strain,
have significant differences (i.e. the similarity does not
exceed 94.9%), which make it possible to differentiate
them from other Borrelia species, using MLSA data
(Table 2). The dendrogram of concatenated nucleotide
sequences of two genes (recA and ospA) of the same
isolates shows the existence of two genetic subgroups
of B. bavariensis (Eurasian and European) and their
clear differences from the respective concatenated se-

ORIGINAL RESEARCHES

quences of other Borrelia species from the databases
(Fig. 3). This proves that the results of identification of
Borrelia from the B. burgdorferi sensu lato group us-
ing the analysis of concatenated nucleotide sequences
of recA, ospA gene loci are totally identical with the
MLSA results.

Discussion

As previously noted, species identification in the
B. burgdorferi sensu lato group for Borrelia circulating
in natural foci and (or) causing ITBB is currently per-
formed by using molecular and biological methods. In
the meantime, using one conserved gene or spacer as a
target is usually not sufficient for accurate identification
of the studied sample [10, 20]. The MLSA and MLST
methods require sequencing of loci of several (6-8)
genes; however, they are costly, time-consuming and
difficult to implement [5, 10, 14—-16], especially, when
fast indication of the ITBB etiological agent is required
at diagnostic laboratories of healthcare facilities.

The detailed analysis of the earlier obtained da-
ta characterizing the genetic structure of the pool of
B. bavariensis isolates [5, 19] led to the conclusion that
the nucleotide sequences of recA and ospA gene loci

Table 2. Similarity (in %) of some “control” isolates with Borrelia of various species, the nucleotide sequences of which are

available in the GenBank and PubMLST databases

- B. bavariensis Qs =
3 <|¢ |8 |8 |
3121828188 | |5|e) Flis|e8 88 ¢
Sl [ E|E| 32|92
Q o o | o Q
Hs-7 100
Hs-10 98,9 100
Hs-55 98,9 100 100
Hs-104 98,9 100 100 100
Hs-128 100 98,9 98,8 98,9 100
Hs-139 99,6 98,9 988 98,9 99,7 100
B. garinii 20047T 97,8 97,6 97,5 97,6 97,7 97,3 100
B. bavariensis PBi 98,2 984 983 984 98,1 97,8 98,1 100
NT29 98,8 100 999 100 98,8 98,8 97,6 984 100
Prm7564-11 100 98,9 988 98,9 100 99,7 97,7 98,1 98,8 100
Hiratsuka 100 98,9 989 989 100 99,6 97,8 982 98,8 100 100
B. spielmanii A14S 945 945 945 945 944 944 943 94,0 945 944 945 100
B. burgdorferi s. s. B31T 93,6 93,5 934 935 93,5 935 93,3 93,2 93,5 93,5 936 93,6 100
B. lusitaniae PotiB2T 93,8 93,9 939 939 93,7 939 936 93,5 939 93,7 938 94 933 100
B. valaisiana VS116T 94,5 949 949 949 945 944 942 944 946 94,5 945 943 93,8 943 100
B. afzelii VS461T 93,9 93,9 938 939 939 940 942 940 93,9 939 939 945 94,1 93,1 942 100
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B. valaisiana (VS116T)
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Fig. 3. Dendrogram of concatenated nucleotide sequences of recA and ospA genes.
Mantel test — R = 0.860 (concatenated/recA), R = 0.965 (concatenated/ospA).

differ significantly from the sequences of other genes
recommended by the MLSA protocol for identification
of prevalent species of the B. burgdorferi sensu lato
group. The earlier attempts were based on the diversity
of the structure of each of the recA4 and ospA genes [21,
22]. The comparative analysis of our data (Fig. 1 and 2)
shows that they demonstrate very similar, but not iden-
tical results regarding the genotypes of some isolates.
However, the dendrogram of concatenated nucleotide
sequences of rec4 and ospA gene loci (Fig. 3) demon-
strates the species-level and genetic variant-level pro-
files of the isolates, which are totally consistent with
the previously obtained results regarding their typing in
accordance with the MLSA protocol.

To perform the "validation" study addressing the
objectives set in the article, we used a representative
pool of B. bavariensis isolates, species and heteroge-
neity of which had already been studied and identified
using this method [5]. The concatenated nucleotide se-
quences of loci of rec4 and ospA genes, which belong
to reference strains of the most common species of the
B. burgdorferi sensu lato group (Fig. 3), have clear dif-
ferences. Therefore, the species identification of the
studied sample can be performed by measuring the
maximum similarity between concatenated sequenc-
es of these two genes and the concatenated sequenc-
es of specific Borrelia species of this group, including
B. bavariensis, or by building a dendrogram. To opti-
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mize the laboratory testing process, its template match-
ing the one shown in Fig. 3 can be stored as a file (for
example, in the MEGA or any other program). The
comparison of the number of genes recommended by
the MLSA and MLST protocols against their number,
which, based on our data, is required and is sufficient
for sequencing and identification of the known species
of the ITBB pathogen, shows that the labor costs and
financial expenses can be reduced approximately 3—4
times.

Further studies are needed to explore the possibili-
ty of differentiation between Borrelia from the B. burg-
dorferi sensu lato group and B. miyamotoi based on
their nucleotide sequences of the recA gene, significant
differences between which are demonstrated by our
data (Fig. 1). This can be of high significance for im-
provement of the gene diagnostics regarding the ITBB
etiology, especially, knowing that the above gene was
used together with two other genes for the laboratory
test to confirm the disease caused by B. miyamotoi [23].

Conclusion

Based on the above studies, we are offering an
optimized approach to MLSA of Borrelia from the
B. burgdorferi sensu lato group. It suggests their species
identification based on the results of the concatenated
analysis of loci only of 2 genes (recA and ospA) out
of 6 and the rrf4-rriB spacer, which are recommended
by the protocol of this method. This approach will help
decrease costs significantly and will reduce the turn-
around time for laboratory tests of the studied samples.
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