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Abstract. Leptospirosis is a zoonotic disease found virtually worldwide. Microscopic Agglutination Test with live leptospi-
ra (MAT) is the reference method for the serological diagnosis of leptospirosis. MAT is based on assessing serum potential
to agglutinate live reference serovar Leptospira maintained at a reference laboratory. At some laboratories having own col-
lections of isolated and reference Leptospira strains applicable for serological diagnosis, those microorganisms are main-
tained for many years by repeated subculturing, that increases markedly a chance of strain cross-contamination. The lack
of adequate quality control for reference strains may affect data of epidemiological studies. Control of Lepfospira spp. refer-
ence strains purity and stability of their antigenic composition is very important for diagnosis of leptospirosis. The study
objective was to compare the 16S rRNA gene nucleotide sequences of some Lepfospira strains from the collection of the
St. Petersburg Pasteur Institute to with relevant sequences uploaded to GenBank. In this study, 38 Leptospira strains were
investigated. Nucleotide sequences of 36 strains were deposited in the international GenBank database, inconsistencies
were revealed in two strains. The study found that the control Leptospira strains from the collection of the St. Petersburg
Pasteur Institute had minimal dissimilarities from international control strains. The analysis of the resultant 16S rRNA
sequences has shown the presence of point mutations, transitions, deletions and insertions, regardless of the strain spe-
cies. The open leptospira pan-genome demonstrates high genomic variability in species due to the capability of leptospira
for lateral gene transfer in order to adapt to changing environmental conditions. The massive acquisition and loss of genes
give rise to an increased species diversity. The 16S rRNA gene is suitable for screening diagnostics; however, high level
of the fragment similarity and close phylogenetic relationship between different species put bounds to its use in genotyp-
ing. The presence of point nucleotide mutations is most likely associated with the evolutionary mechanisms of leptospira,
their ability to horizontal gene transfer and crossing-over, including ribosomal genes, but this assumption necessitates
additional research. For specimen genotyping it is necessary to select alternative genes with high specificity and sufficient
level of nucleotide divergence. The study shows a need for genetic analysis of collection strains in order to control the purity
of cultures.
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MOJIEKYNAPHO-TEHETUMECKASA XAPAKTEPUCTUKA KOJIJTIEKUWAOHHbIX LULTAMMOB
LEPTOSPIRA spp. CAHKT-NMETEPBYPICKOro UHCTUTYTA MACTEPA HA OCHOBE AAAHHbIX
CEKBEHUPOBAHMS FEHA 16S pPHK

baunmosa P.P., Ocrankosa 10.B., Baunosa O.B., CrosinoBa H.A., Tokapesuy H.K.
ObYH HUH snudemuonoeuu u mukpoobuonoeuu umenu Iacmepa, Cankm-Ilemepoype, Poccus

Pestome. JlenTocrnupo3 SBISIETCS paclpOCTPAaHEHHBIM MMPAKTUYECKH 110 BCEMY MUPY 300aHTPOIIOHO3HBIM 3a00JIeBa-
HHUEeM. DTaJOHHBIM METOIOM JIJISI CEPOJIOTMIECKOM TMAarHOCTUKM JICTITOCITMPO3a SIBJISICTCS peaKMs MUKPOCKOITUYEC-
KOM aTrTIIOTUHAIINK C XUBBIMH JernTocupamu (PMA). DToT MeTon OCHOBaH Ha OIIEHKE CITOCOOHOCTU CBIBOPOTKH
arTTIOTUHUPOBATh XXUBHIC 0aKTepUU Leptospira 3TaJOHHBIX CEPOBAPOB, TIOAAEPKMNBAEMBIX B pe(pepeHCc-Tad0paTopuu.
B 1aboparopusix, KOTOpble UMEIOT KOJJIEKIINIO COOCTBEHHBIX M30JUPOBAHHEIX M pe(pepeHCHBIX ITaMMOB Leptospira,
WCITOJTB3YEMBIX IJISI CEpOJIOTMIECKOM TMAaTHOCTUKU, 3T MUKPOOPTAaHM3MBI COXPAHSIOTCS B TCUCHHE MHOTHX JICT
IIyTeM ITOBTOPHOTO ITACCHPOBAHMUS, UTO 3HAUYMTENBHO YBEIMUYMBACT IIAHCHI KPOCC-KOHTAMHWHALIMU IITAMMOB.
OTCyTCTBHE aleKBATHOTO KOHTPOJIS KauecTBa peepeHCHBIX IITAMMOB MOXET OTPULIATEILHO TIOBIHSATH Ha SITHIE-
MHOJIOTMYeCKHe ncceqoBanmst. KOHTPOJIb YMUCTOTH M MTOCTOSTHCTBA aHTUTEHHOTO COCTaBa peepeHCHBIX IITAMMOB
Leptospira spp. umeeT 060JblI0e 3HaYCHUE IJI AMAarHOCTUKHU JenTocnuposa. Llenbio 1aHHOTro uccienoBaHus ObLIO
CpaBHEHME HYKJEOTUIHBIX TOCJIEI0BaTeIbHOCTEN TeHa 16S, HEKOTOPBIX KOJUIEKIIMOHHBIX IITAMMOB JICITOCIIHP
Cankr-Ilerepoyprckoro Muctutyta um. Ilactepa, ¢ mocienoBaTeIbHOCTIMU, 3aTPy>KEHHBIMU B MEXIyHAPOAHYIO
0a3y gaHHbIX. B pabore ObLIM M3ydeHbl 38 mtaMMoB JenTocnup. HykieoTuaHble mocienoBarebHOCTU 36 MITaM-
MOB OBIJTM IETIOHMPOBAHBI B MEXXIyHapomHyIo 0a3y naHnHbix GenBank, B AByX mTaMMax OblIM 0OOHAapy>KEHBI HECOOT-
BeTCTBUS. B pesyibrare mcciaenoBaHUs YCTAHOBIEHO, UTO KOHTPOJIBHBIC IITAMMBI Leptospira n3 Konnekiuun CaHKT-
[TetepOyprckoro nHCTUTYTA [1acTepa MMEIOT MUHUMAIbHBIC OTMYMS OT MEXKIYHAPOIHBIX KOHTPOJIBHBIX IITAMMOB.
AHau3 MoJlyuYeHHbIX TocienoBareabHocTell peruona 16S pPHK, mokasan Haniuuue TOYEUHBIX MYTALMii, TPaH3U-
LW, TeJelnii 1 MHCEePIii, He3aBUCUMO OT BUIOBOI IMPWHAIJICKHOCTH TaMMa. OTKPBITHII TAaHTEHOM JICTITOCITUP
JEMOHCTPUPYET BBICOKYIO TEHOMHYIO BapuabeSbHOCTh Y BUAOB, UTO 0OYCIOBAEHO CIIOCOOHOCTBIO JIENTOCIIUD K JIa-
TepajbHOMY MEPEHOCY T'€HOB, C LIEJIbI0 MPUCTIOCOONEHUST K U3MEHSIOIIUMCS YCIOBUSIM cpenbl. MaccoBoe mpuoo-
peTeHNE U TIOTePst TEHOB BEAYT K YBEIMUYEHUIO pasHooOpasus BumoB. I'eH 16S pPHK mogxomuT niist CKpHHHHTOBOM
JMMarHOCTUKM, OJHAKO BEICOKOE CXOACTBO JaHHOIO (hparMeHTa U TeCHOEe (hMJIOTeHETUUECKOE POICTBO Pa3HbIX BUIOB
OTpaHUYMBAET €ro MCMOJIb30BaHUE ISl TeHOTUNMpPOoBaHU . Hanuure ToueuHbIX HYKJACOTUAHBIX MyTallliil BEPOSIT-
Hee BCEro CBSI3aHO C ABOJIOLIMOHHBIMU MEXaHM3MaMU JITITOCIIUP, UX CIIOCOOHOCTHIO K TOPU30HTATILHOMY TMIEPEHOCY
T€HOB U KPOCCHHIOBEPY, B TOM UMCJIe M pUOOCOMAJIbHBIX T€HOB, OMHAKO 3TO IMPEATIOIOKeHE 00yClIaBIMBaeT He-
00XOAMMOCTb MPOBEAEHUS AOMOJHUTEAbHBIX UCCAeI0BAHUM. 11 reHOTUuNMpoBaHKs 00pa3lioB HEOOXOAUM IOJ-
00p aNbpTepHATUBHBIX T'€HOB, C BRICOKOH CITEIM(UUHOCTHIO M JOCTATOYHBIM YPOBHEM AMBEPreHIINN HYKIJICOTUIOB.
[IpoBeneHHOE MCCIeIOBaHNE MTOKA3hIBaeT HEOOXOMMMOCTh IIPOBEACHMS TeHETUUSCKOTO aHaIM3a KOJJICKIIMOHHBIX
IITAMMOB C IIeJIbI0 KOHTPOJISI YUCTOTHI KYJIBTYD.

Karouesvle caoea: nenmocnupos, aenmocnupa, 168 pPHK, koanexyuu, 300n03Hbie 3a001€8aHUS, KYALMUBUPOBAHUE.

Introduction

Leptospirosis is a zoonotic disease occurring
worldwide. The manifestations of its epidemic pro-
cess are most typical for countries with humid, es-
pecially tropical and subtropical climates, as well
as for the so-called developing countries, however,
the disease cases occur as well in countries with tem-
perate climates [21, 43]. Leptospirosis is endemic
in tropical regions of Asia, Africa, Central and South
America [45]. Numerous animal species including
those synanthropic and farm livestock are considered
as reservoir hosts of pathogenic Leptospira.

The epidemic state of leptospirosis varies sig-
nificantly in European countries. In recent years,
in non-endemic countries, there was an increase
in imported leptospirosis due to the rise in popularity
of ecotourism in regions with humid subtropical or
tropical climates [1]. In Russia leptospirosis remains
one of widespread zoonotic infections due to the exis-

tence of both natural and anthropurgic foci of lepto-
spirosis in many administrative regions [2, 3, 4, 5,
6]. Some assessments come to more than 1 million
severe cases of leptospirosis and about 60 000 fatal
outcomes occur annually worldwide [16].

According to the serological classification, all
currently recognized species of pathogenic Leptospira
are categorized into more than 260 serovars [10].
Based on the phylogenetic classification, the genus
Leptospira is divided into 64 species. In line with ge-
nome-wide analysis, the genus is divided into 2 clades:
pathogens and saprophytes, which, in turn, are di-
vided into 4 subclades (P1, P2, S1, S2). Subclades P1
and P2 involve 17 pathogenic and 21 intermediate
species, respectively. Subclade S1 includes 22 sapro-
phytic species, while subclade S2 includes 4 [37].

Leptospirosis in humans is mostly caused
by Leptospira interrogans, Leptospira borgpetersenii
or Leptospira kirschneri |9, 26, 35]. The pathogen can
circulate in the environment for a long time thanks
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to sensitive or reservoir hosts that shed bacteria
in their urine, contaminating soil and water. Humans
usually get infected through direct contacts of their
damaged skin or mucous membranes with the urine
of infected wild or domestic animals, or through in-
direct contacts with contaminated environment [8,
29, 36]. In humans, there is a variety of possible clini-
cal manifestations of the disease, ranging from sub-
clinical infection to severe progressive forms that can
lead to death [19, 29, 39].

Laboratory confirmation of suspected cases is es-
sential for the diagnosis of leptospirosis, as there
is significant polymorphism of its clinical manifesta-
tions. Most cases are diagnosed through serological
tests of patients’ blood. Microscopic Agglutination
Test with live Leptospira (MAT) is the reference
method for the serological diagnosis of leptospirosis.
MAT is based on the assessment of the serum abil-
ity to agglutinate live Lepfospira of reference serovars
maintained at a reference laboratory [22, 32, 42, 44].
At some laboratories that have their own collections
of isolated and reference Lepfospira strains applicable
for serological diagnosis, those microorganisms are
maintained for many years by repeated subcultur-
ing, that increases significantly the chance of strain
cross-contamination [13, 14, 19, 26].

Contamination of strains in Leptospira refer-
ence collections may entail severe consequences.
In an outbreak investigation, the pathogen serogroup
is usually identified with the help of MAT. The lack
of adequate quality control of reference strains
may affect the results of epidemiological studies.
Conventional serogroup control of reference strains
is carried out using monoclonal antibodies or control
sera samples [7, 28, 46].

Control of Leptospira spp. reference strains purity
and stability of its antigenic composition is very im-
portant for the diagnosis of leptospirosis. Sequencing
of 16S rRNA gene is a reliable method for molecular
characterization of bacteria species, and it is appli-
cable to Leptospira spp. [15, 25, 31, 38]. The method
was considered to be an effective and simple tool
for Leptospira species identification in the clinical
setting. Its important advantages are fast analysis,
wide availability, and relatively low cost. The study
objective was to compare the 16S rRNA gene nucleo-
tide sequences of some collection Leptospira strains,
including reference strains, with sequences uploaded
to GenBank.

Materials and methods

In this study, we investigated 38 Leptospira strains
from the collection of the Laboratory of Zoonotic
Infections at the St. Petersburg Pasteur Institute.

The cultures were characterized by serological
tests using MAT [18]. The strains have undergone re-
peated subculturing at the laboratory for many dec-
ades. Cultivation was carried out in a liquid nutrient

medium based on distilled water containing 10%
phosphate buffer with the addition of 10% rabbit blood
serum. The strains were cultivated at 29°C. We used
7- to 14-days grown Leptospira cultures, containing
at least 107 microbial cells/ml. Genomic DNA was
extracted using a QiaAmp DNA Mini kit (Qiagen,
Germany) in compliance with the manufacturer’s
instruction. For PCR, two pairs of primers flanking
a 1423 bp fragment were used. Primer sequence: 16S
Out F 5-AGAGTTTGATCCTGGCTCAG-3’, 16S
Out R 5-GGYTACCTTGTTACGACTT-3’ [28, 33].
A clinical sample was used for a positive amplifica-
tion control. The presence of Leptospira DNA in it
was confirmed by two commercial kits: AmpliSens®
Leptospira-FRT (InterLabService Ltd., Russia),
and BactoReal® Kit Leptospira spp. Multiplex (16S
rDNA+LipL32) (Ingenetix GmbH, Austria). Clear-
Band Nuclease Free Ultra-Pure Water (EcoTech Bio-
technology Turkey) was used for a negative control.

PCR amplification was carried out in 25 ul of the
amplification mixture with the addition of primers
(15 M each) 67 mM plus Tris HCI (pH 8.8), 16.6 mM
ammonium sulfate, 6.7 mM MgCl,; 6.7 mM EDTA;
10 mM mercaptoethanol; 170 mg BCAA; 1.0 mM
each dNTP; 1 unit Taq DNA polymerase (Fermentas).
Denaturation (5 min at 94°C) was followed by 40 cy-
cles of amplification: 30 s at 94°C, 30 s at 55°C, 1 min
20 s at 72°C, final elongation 7 min at 72°C.

The PCR products were separated on 2% agarose
gel stained with ethidium bromide, in comparison
with the GeneRuler 1Kb molecular weight marker
(Thermo Scientific, USA). Electrophoresis was con-
ducted for 40 minutes at 120V and visualized by UV
radiation.

The amplification products were purified accord-
ing to the procedure as follows: the mixture (includ-
ing 2 ul of 3 M sodium acetate and 2 pl of 0.125 M
EDTA, and 1 pl of glycogen) was added to 20 pl of the
amplification product and incubated for 15 minutes
at room temperature in the presence of chilled 96%
ethanol. Centrifugation was carried out for 15 minu-
tes at 4°C, 14 000 rpm/min. Then supernatant was
removed and the precipitate was washed twice with
cold 70% ethanol, repeating the cold centrifugation
procedure. The washed precipitate was dried in the
air at room temperature. For the quality analysis,
the purified precipitate was dissolved in 30 ul of TE
buffer and visualized on an agarose gel. The purified
fragment of sufficient concentration was used to set
up a sequence of reactions with forward and reverse
primers. For analysis, the reaction product was dis-
solved in formamide and placed in an ABI Prism
3500 genetic analyzer (Applied Biosystems, USA).

The resulting strain sequences were compared
with those available from the GenBank database.

For phylogenetic analysis, the MEGAI1I software
was used, the resulting sequences were aligned us-
ing the ClustalW algorithm. The sequence cover-
age length was 1144 bp. When constructing the tree,
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the sequences of 16S region of Borrelia spp. from
the international GenBank database, were chosen
to be used for the outgroup. Based on the alignment,
a tree was built using the Neighbor-joining method,
bootstrap N = 1000.

Results

Nucleotide sequences of the 16S rRNA gene
of 38 strains were obtained. The length of the se-
quences ranged from 1186 to 1423 bp. The sequenc-
es of 36 strains were deposited in the international
GenBank database. For some details, such as sero-
group of strain, date of isolation, origin and location
see Table. The overall sequence similarity is 99%,
the number of polyform variants of the gene among

the obtained sequences ranges from 1 to 20 nt, which
is consistent with the results of previous studies [34].

Strain sequences were identified and validated using
NCBI BLAST and by alignment in MEGA 11 (Fig. 1).

The sequence of the L. borgpetersenii strain
Perepelicin, obtained at our laboratory, forms a clus-
ter with foreign reference strains, although it differs
by one nucleotide.

Reference strains of L. kirschneri and L. inter-
rogans species, obtained by foreign researchers, are
clustered together, indicating their high similarity
and inapplicability of 16S rRNA gene to typing.

The results of comparison with nucleotide se-
quences of the 16S rRNA gene, obtained by other
researchers, were mostly concordant, although some
discrepancies were observed.

Table. Leptospira strain sequences deposited in GenBank

ggbgfs?tterg';:]sgg:;:ﬁf Serogroup Date of isolation Origin Location
0L703051 Canicola 1985 Human Leningrad
0L703052 Icterohaemorrhagiae 1999 Human Saint Petersburg
OL703053 Canicola 1962 Human Kaliningrad
0L703054 Canicola 1969 Human Kaliningrad
0OL703055 Icterohaemorrhagiae 1992 Human Leningrad
0OL703056 Icterohaemorrhagiae 1991 Human Leningrad
OL703057 Icterohaemorrhagiae 1992 Human Leningrad
0L703058 Canicola 2008 Human Saint Petersburg
OL703059 Icterohaemorrhagiae 1968 Human Leningrad
0L703060 Canicola 1968 Human Kaliningrad
OL703061 Canicola 1985 Human Leningrad
0L703062 Icterohaemorrhagiae 1990 Human Leningrad
0OL703063 Icterohaemorrhagiae 1990 Human Leningrad
0L703064 Autumnalis 1925 Human Japan
0L703065 Australis 1951 Erinaceus europaeus Moscow
0OL703068 Icterohaemorrhagiae 2018 Human Saint Petersburg
0L703069 Icterohaemorrhagiae 1990 Human Leningrad
0L825730 Icterohaemorrhagiae 2009 Human Saint Petersburg
0L825731 Icterohaemorrhagiae 1980 Rattus norvegicus Leningrad
0L825732 Icterohaemorrhagiae 1954 Rattus norvegicus Leningrad
0L825733 Icterohaemorrhagiae 1961 Rattus norvegicus Leningrad
0L825734 Icterohaemorrhagiae 1991 Human Leningrad
0L825735 Icterohaemorrhagiae 1997 Human Saint Petersburg
0L825736 Icterohaemorrhagiae 1990 Human Leningrad
0L825737 Icterohaemorrhagiae 1991 Human Leningrad
KR080516 Canicola 1931 Canis lupus familiaris Holland
KY075908 Tarassovi 1938 Human Moscow
KY075909 Pyrogenes 1923 Human Indonesia
KY075910 Javanica 1938 Rattus rattus Indonesia
KY075911 Australis 1937 Human Australia
KY075912 Bataviae 1938 Human Indonesia
KY075913 Autumnalis 1938 Human Congo
KR107202 Sejroe 1944 Apodemus flavicollis Denmark
KR091970 Icterohaemorrhagiae 1935 Human Denmark
KR091971 Pomona 1936 Human Australia
KR091973 Grippotyphosa 1929 Human Moscow
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The analysis of the resultant sequences of 16S
rRNA region has shown the presence of point muta-
tions, transitions, deletions and insertions, regardless
of the strain species.

Three points with a variable nucleotide were found
in 10 L. interrogans sequences obtained by us. In the
sequences of GenBank strains thymine is more com-
mon at position 38, however, there are some strains
with cytosine. The reverse is true for the strains here

studied: only 8 of 36 strains contain thymine at this
point, while the rest of them contain cytosine (Fig. 2).
The sequence of the L. kirschneri strain is 99.0%
similar to that of the L. interrogans species, but 99.72%
sequence identity was found by NCBI BLAST analysis.
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Figure 1. Phylogenetic tree built on the obtained Leptospira spp.

of reference strains taken from GenBank

In two strains out of 38, inconsistencies were re-
vealed. The sequences of the collection strains of the
species L. borgpetersenii and L. noguchii were ana-
lyzed and proved to be identical to the strains belong-

ing to L. interrogans.

Discussion

Historically, Lepfospira strains were classified ac-
cordingto theirvirulence, all saprophytic strains were
assigned to L. biflexa, and pathogenic strainsto L. in-
terrogans [41]. Further subdivision of Leptospira, tak-
ing into account their antigenic determinants, was
based on serological techniques [28].
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16S rRNA sequences and sequences

Note. REF — sequences of reference strains from GenBank. * — sequences of reference strains obtained at our laboratory.

The studied strains are described in Table.
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Leptospira spp. 16S rRNA analysis

Leptospira classification was significantly expanded
due to the introduction of such genetic techniques as
DNA-DNA hybridization, pulsed-field gel electro-
phoresis (PFGE), and Multilocus sequence typing [11,
13, 20]. Serological characteristics do not correlate
with genovariants, one species of Leptospira may con-
tain several serogroups, while one serogroup may in-
clude strains of different species. The open pangenome
of Leptospira demonstrates high genomic variability
in species due to the capability of Lepfospira for lateral
gene transfer in order to adapt to changing environmen-
tal conditions. The massive acquisition and loss of genes
give rise to an increase in species diversity [24, 36].

Sequencing of the 16S rRNA region is currently
the most accessible method for genotyping. This gene
provides distinction between pathogenic, intermedi-
ate, and saprophytic clades, but its discriminatory
ability is too low to distinguish between Leptospira
genotypes. For example, it is impossible to differen-
tiate L. interrogans, L. kirschnerii, and L. noguchii,
since they differ by one or two bases only and belong
to the same operational taxonomic unit (mOTU)
that is shown by the phylogenetic tree (Fig. 1) [23].
The sequence of the L. kirschneri strain obtained
in our study also has a minimal difference only from
the type strains of L. interrogans.

A large number of 16S rRNA sequences uploaded
to GenBank are not full-length (< 1400 bp), therefore
it is difficult to identify strains correctly. Long-term
subculturing of Leptospira in collections does not ex-
clude erroneous identification of sequences upload-
ed to public databases, it also can give rise to single
mutations [12].

When sequencing this gene, it was found that
the control strains of Leprospira from the collection
of the St. Petersburg Pasteur Institute have minimal
dissimilarities from international control strains and
are applicable in serological diagnosis of leptospirosis.

In this study, two out of 38 strains did not match
the sequences of similar strains uploaded to GenBank,
which may be due to its contamination or mislabe-
ling. Long-term storage of Leptospira by freezing
is not available at all practical laboratories owing to its
high price, therefore collection strains of Leptospira
for many years undergo repeated subculturing, pos-
sibly resulting in strain mutations and increasing
the risk of cross-contamination or erroneous labeling
of samples. This justifies the need for genetic analysis
of collections in order to circumvent the possible risks
associated with under- or overdiagnosis.

The 16S rRNA gene is suitable for screening diag-
nostics; however, high level of the fragment similarity
and close phylogenetic relationship between different
species put bounds to its use in genotyping.

The presence of point nucleotide mutations is most
likely associated with the evolutionary mechanisms
of Leptospira, their ability to horizontal gene transfer
and crossingover, including ribosomal genes, but this
assumption necessitates additional research [34].

For genotyping of samples, it is necessary to se-
lect alternative genes with high specificity and a suf-
ficient level of nucleotide divergence.

Nowadays numerous genetic targets have been pro-
posed for Leptospira diagnosis and typing. The gene
encoding the outer membrane lipoprotein of patho-

2 34 36 38 40 4 189 191

AGATCAT A AG cTcCccCcT
REF EU349495.1 Leptospira noguchii strain Cascata . | . . . . . . . . . . . . . . ..
REF NR_043050.1 Leptospira noguchii strain CZ 214 K . . . . . . . . . . . . . . . ..
REF MK726126.1 Leptospira noguchii strain CES . . . . . . . . ..
REF F]154582.1 Leptospira noguchii strain CZ 214 K . . . . . . . . . ..
REF AY631886.1 Leptospira noguchii strain CZ 214 | | | . . . . . . . . .. ..
REF KP125531.1 Leptospira kirschneri strain 3759 . . . . . . . . . . .
REF KP114456.1 Leptospira kirschneri strain 61H . . . . . . . . .
REF FJ154595.1 L.borgpetersenii strain Perepelicin P G . . . ...
REF MK726123.1 Leptospira kirschneri strain CES . . . . . . . . ..
REF AY631895.1 Leptospira kirschneri strain 3522 . . . . . . . ..
REF AM050577.1 L.borgpetersenii strain Perepelicin oG o G . . . . ...
REF AY461861.1 L.borgpetersenii strain Perepelicin .G o G . . . ..
REF FJ154552.1 L.interrogans strain Salinem . . . . . . ..
REF AY996793.1 L.interrogans strain Salinem . . . . . . ..
REF AY996798.1 L.interrogans strain Hond Utrecht1v. | | | C . . .
REF F]154542.1 L.interrogans strainM20 L,
REF AY996790.2 L.interrogans strain M 20 . . . . .. ..
REF AY996800.1 L.interrogans strain Pomona | | . | | | C . v v
REF AM050575.1 L. interrogans strain Pomona | | | | C . . e
REF AM050567.1 L.kirschneri strain Moskva V. . . . . . . ..
REF FJ154572.1 L.kirschneri strain Moskva V. . L.
REF FJ154547.1 L.interrogans strainJez . . . . . ...
REF AM050583.1 L.interrogans strain Jez . . . . . . . ... ..
REF AY461863.1 L.interrogans strain Jez . . . . . . ... ..
REF AY461864.1 L.interrogans strain Akiyami A . . . . . . . . ...
REF AM050580.1 L.interrogans strain Akiyami A . . . . . . . ..
REF AY996791.1 L.interrogans strain Akiyami A . . . . . . . ...
REF AY461865.1 L.interrogans strain Van Tienen . . ., ..
REF F]154566.1 L.interrogans strain Van Tenen .
KR091973 L.kirschneri strain Moskva V* | CT . .« . . . .
OL703051 L.interrogans strain Vikulina | C . . ... YYY
OL703052 L.interrogans strain Polenkov | C . . e
OL703053 L.interrogans strain Pozhevanyuk | C . v e
OL703054 L.interrogans strain Kulikova | c . . .. .. YYY
OL703055 L.interrogans strain Bolshakova | | | C . . . e
OL703057 L.interrogans strain Demidkin | C . v v
OL703058 L.interrogans strain Mukhin | C . v v
OL703059 L.interrogans strain Morzhukhin | C . . e
OL703060 L.interrogans strain Boukreev | C . v oo
OL703061 L.interrogans strain Grigorieva | C . . . ... Y Y
OL703062 L.interrogans strain Sazhnev | C .« . . Y
OL703063 L.interrogans strain Prokofieva | C . . .. YvYy
OL703064 L.interrogans strain Akiyami A* | C . v v
OL703065 L.interrogans strain Jez* 0L
OL703068 L.interrogans strain Taganrog-2018 | | c . ... .. YYy
OL703069 L.interrogans strain Kutuzova | | C . . . e
OL825730 L.interrogans strain Belkin
OL825731 L.interrogans strain20 C . ... YYy
OL825732 L.interrogans strain 100 C . . .. Yy
OL825733 L.interrogans strain 34_Bugri . | | c . . . ... Y
OL825734 L.interrogans strain Blohina | C . . .. e
OL825735 L.interrogans strain Danilova | C . . . . e
OL825736 L.interrogans strain Voronova C . . .
OL825737 L.interrogans strain Gumilenkov | C . v v
KR080516 L.interrogans strain Hond Utrecht Iv* . . . . . ..
KY075908 L.borgpetersenii strain Perepelicin* P G . . . . ...
KY075909 L.interrogans strain Salinem* | C . v v
KY075910 L.interrogans strain VB L.
KY075911 L.interrogans strain Yezh | C . v v
KY075912 L.interrogans strain Van Tienen* | C . . o
KY075913 L.interrogans strain EA 00 0 L.
KR107202 L.interrogans strain Mus-24
KR091970 L.interrogans strain M 20%* L
KR091971 L. interrogans strain Pomona* | C . . ..
OL703056 L. interrogans strain Maister | C . . ... YvYYy

Figure 2. Multiple alignment of the obtained
sequences with reference strains obtained from
the international GenBank database

Note. The main differences are shown.
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genic Leptospira lipL.32 is one of the most common al-
ternatives to 16S rRNA, however, its use is also limited
by its discriminating abilities, and it is mostly applied
in screening diagnostics.

The housekeeping gene encoding the secY preprotein
translocase is next in frequency of use; the use of this
gene for Leptospira genotyping seems to be the most
promising at the moment. Other proposed targets are:
the gene encoding flagellin, the class B polypeptide
subunit of periplasmic flagella flaB, the gene for the

B-subunit of RNA polymerase rpoB, and the genes
gyrB, Adk, glmU, LigB, etc. [17, 27, 30, 40].

As a variety of targets is used by many research-
ers, the comparison of their results is hardly possible.
Therefore, the lack of standardization is currently
the main restriction on the molecular diagnosis
of leptospirosis.

This study shows the need for genetic analysis
of collection strains in order to control the purity
of cultures.
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