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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 Leptospira 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 Leptospira 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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МОЛЕКУЛЯРНО-ГЕНЕТИЧЕСКАЯ ХАРАКТЕРИСТИКА КОЛЛЕКЦИОННЫХ ШТАММОВ 

LEPTOSPIRA spp. САНКТ-ПЕТЕРБУРГСКОГО ИНСТИТУТА ПАСТЕРА НА ОСНОВЕ ДАННЫХ 

СЕКВЕНИРОВАНИЯ ГЕНА 16S рРНК

Баимова Р.Р., Останкова Ю.В., Блинова О.В., Стоянова Н.А., Токаревич Н.К.

ФБУН НИИ эпидемиологии и микробиологии имени Пастера, Санкт-Петербург, Россия

Резюме. Лептоспироз является распространенным практически по всему миру зооантропонозным заболева-

нием. Эталонным методом для серологической диагностики лептоспироза является реакция микроскопичес-

кой агглютинации с живыми лептоспирами (РМА). Этот метод основан на оценке способности сыворотки 

агглютинировать живые бактерии Leptospira эталонных сероваров, поддерживаемых в референс-лаборатории. 

В лабораториях, которые имеют коллекцию собственных изолированных и референсных штаммов Leptospira, 

используемых для серологической диагностики, эти микроорганизмы сохраняются в течение многих лет 

путем повторного пассирования, что значительно увеличивает шансы кросс-контаминации штаммов. 

Отсутствие адекватного контроля качества референсных штаммов может отрицательно повлиять на эпиде-

миологические исследования. Контроль чистоты и постоянства антигенного состава референсных штаммов 

Leptospira spp. имеет большое значение для диагностики лептоспироза. Целью данного исследования было 

сравнение нуклеотидных последовательностей гена 16S, некоторых коллекционных штаммов лептоспир 

Санкт-Петербургского Института им. Пастера, с последовательностями, загруженными в международную 

базу данных. В работе были изучены 38 штаммов лептоспир. Нуклеотидные последовательности 36 штам-

мов были депонированы в международную базу данных GenBank, в двух штаммах были обнаружены несоот-

ветствия. В результате исследования установлено, что контрольные штаммы Leptospira из коллекции Санкт-

Петербургского института Пастера имеют минимальные отличия от международных контрольных штаммов. 

Анализ полученных последовательностей региона 16S рРНК, показал наличие точечных мутаций, транзи-

ций, делеций и инсерций, независимо от видовой принадлежности штамма. Открытый пангеном лептоспир 

демонстрирует высокую геномную вариабельность у видов, что обусловлено способностью лептоспир к ла-

теральному переносу генов, с целью приспособления к изменяющимся условиям среды. Массовое приоб-

ретение и потеря генов ведут к увеличению разнообразия видов. Ген 16S рРНК подходит для скрининговой 

диагностики, однако высокое сходство данного фрагмента и тесное филогенетическое родство разных видов 

ограничивает его использование для генотипирования. Наличие точечных нуклеотидных мутаций вероят-

нее всего связано с эволюционными механизмами лептоспир, их способностью к горизонтальному переносу 

генов и кроссинговеру, в том числе и рибосомальных генов, однако это предположение обуславливает не-

обходимость проведения дополнительных исследований. Для генотипирования образцов необходим под-

бор альтернативных генов, с высокой специфичностью и достаточным уровнем дивергенции нуклеотидов. 

Проведенное исследование показывает необходимость проведения генетического анализа коллекционных 

штаммов с целью контроля чистоты культур.

Ключевые слова: лептоспироз, лептоспира, 16S рРНК, коллекции, зоонозные заболевания, культивирование.

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 Leptospira of reference serovars 

maintained at a reference laboratory [22, 32, 42, 44]. 

At some laboratories that have their own collections 

of isolated and reference Leptospira 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 μl of the 

amplification mixture with the addition of primers 

(15 M each) 67 mM plus Tris HCl (pH 8.8), 16.6 mM 

ammonium sulfate, 6.7 mM MgCl2; 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 μl of 3 M sodium acetate and 2 μl of 0.125 M 

EDTA, and 1 μl of glycogen) was added to 20 μl 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 μl 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 MEGA11 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

No. of strain sequence 
deposited in GenBank

Serogroup Date of isolation Origin Location

OL703051 Canicola 1985 Human Leningrad

OL703052 Icterohaemorrhagiae 1999 Human Saint Petersburg

OL703053 Canicola 1962 Human Kaliningrad

OL703054 Canicola 1969 Human Kaliningrad

OL703055 Icterohaemorrhagiae 1992 Human Leningrad

OL703056 Icterohaemorrhagiae 1991 Human Leningrad

OL703057 Icterohaemorrhagiae 1992 Human Leningrad

OL703058 Canicola 2008 Human Saint Petersburg

OL703059 Icterohaemorrhagiae 1968 Human Leningrad

OL703060 Canicola 1968 Human Kaliningrad

OL703061 Canicola 1985 Human Leningrad

OL703062 Icterohaemorrhagiae 1990 Human Leningrad

OL703063 Icterohaemorrhagiae 1990 Human Leningrad

OL703064 Autumnalis 1925 Human Japan

OL703065 Australis 1951 Erinaceus europaeus Moscow

OL703068 Icterohaemorrhagiae 2018 Human Saint Petersburg

OL703069 Icterohaemorrhagiae 1990 Human Leningrad

OL825730 Icterohaemorrhagiae 2009 Human Saint Petersburg

OL825731 Icterohaemorrhagiae 1980 Rattus norvegicus Leningrad

OL825732 Icterohaemorrhagiae 1954 Rattus norvegicus Leningrad

OL825733 Icterohaemorrhagiae 1961 Rattus norvegicus Leningrad

OL825734 Icterohaemorrhagiae 1991 Human Leningrad

OL825735 Icterohaemorrhagiae 1997 Human Saint Petersburg

OL825736 Icterohaemorrhagiae 1990 Human Leningrad

OL825737 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. 

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, Leptospira strains were classified ac-

cording to their virulence, all saprophytic strains were 

assigned to L. biflexa, and pathogenic strains to L. in-

terrogans [41]. Further subdivision of Leptospira, tak-

ing into account their antigenic determinants, was 

based on serological techniques [28].

Figure 1. Phylogenetic tree built on the obtained Leptospira spp. 16S rRNA sequences and sequences 

of reference strains taken from GenBank
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 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 Leptospira 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 Leptospira 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-

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 lipL32 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 poly peptide 

subunit of periplasmic flagella flaB, the gene for the 

β-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.

References

1. Киселева Е.Ю., Бренева Н.В., Лемешевская М.В., Бурданова Т.М. Завозной случай лептоспироза с летальным исходом 

из Вьетнама в Иркутскую область // Инфекционные болезни. 2014. Т. 12, № 3. С. 95–99. [Kiseleva E.Yu., Breneva N.V., 

Lemeshevskaya M.V., Burdanova T.M. An imported case of leptospirosis with a lethal outcome from Vietnam to the Irkutsk region. 

Infektsionnye bolezni = Infectious Diseases, 2014, vol. 12, no. 3, pp. 95–99. (In Russ.)]

2. Самсонова А.П., Петров Е.М., Савельева О.В., Иванова А.Е., Шарапова Н.Е. Анализ документированных результа-

тов исследования сывороток крови больных, подозрительных на заболевание лептоспирозами, в реакции микро-

агглютинации // Инфекция и иммунитет. 2022. Т. 12, № 5. C. 875–890. [Samsonova A.P., Petrov E.M., Savelyeva O.V., 

Ivanova A.E., Sharapova N.E. Analyzying the documented results by using microscopic agglutination test to examine sera from 

patients suspected of leptospirosis. Infektsiya i immunitet = Russian Journal of Infection and Immunity, 2022, vol. 12, no. 5, pp. 875–

890. (In Russ.)] doi: 10.15789/2220-7619-ATD-1758

3. Соболева Г.Л., Ананьина Ю.В., Непоклонова И.В. Актуальные вопросы лептоспироза людей и животных // Рос-

сийский ветеринарный журнал. 2017. № 8. С. 14–18. [Soboleva G.L., Ananyina Y.V., Nepoklonova I.V. Actual problems 

of human and animal leptospirosis. Rossijskij veterinarnyj zhurnal = Russian Veterinary Journal, 2017, no. 8, pp. 14–18. (In Russ.)]

4. Стоянова H.A., Токаревич H.K., Волкова Г.В., Грачева H.A., Кравченко С.С., Кузина Н.В., Лисеева T.M., Мациев-

ская Е.A., Пьяных В.А., Снегирев В.И., Сосницкий В.И. Актуальные проблемы лептоспирозной инфекции в Северо-

Западном федеральном округе // Эпидемиология и вакцинопрофилактика. 2003. № 4 (11). С. 29–32. [Stoianova N., 

Tokarevich N., Gracheva L., Volkova G., Gracheva N., Kravchenko S., Kuzina N., Liseeva T., Matsievskaya E., Snegirev V., 

Sosnitsky V. Actual problems of leptospirosis infection in the Northwestern Federal District. Epidemiologiya i vaktsinoprofilaktika = 

Epidemiology and Vaccinal Prevention, 2003, no. 4 (11), pp. 29–32. (In Russ.)]

5. Стоянова Н.А., Сергейко Л.М., Слепцова В.И. Иммунологический мониторинг и эпидемические особенности 

лептоспироза в Санкт-Петербурге // Микробиология эпидемиология и иммунобиология. 1996. № 6. С. 120–122. 

[Stoianova N., Sergeĭko L., Sleptsova V. Immunological monitoring and the epidemiological characteristics of leptospirosis 

in Saint Petersburg. Mikrobiologiya epidemiologiya i immunobiologiya = Journal of Microbiology, Epidemiology and Immunobiology, 

1996, no. 6, pp. 120–122. (In Russ.)]

6. Токаревич Н.К., Стоянова Н.А. Эпидемиологические аспекты антропогенного влияния на эволюцию лептоспи-

розов // Инфекция и иммунитет. 2011. Т. 1, № 1. С. 67–76. [Tokarevich N.K., Stoyanova N.A. Epidemiological aspects 

of anthropogenic influence to leptospirosis evolution. Infektsiia i immunitet = Russian Journal of Infection and Immunity, 2011, 

vol. 1, no. 1, pp. 67–76. (In Russ.)] doi: 10.15789/2220-7619-2011-1-67-76

7. Behera S.K., Sabarinath T., Ganesh B., Mishra P.K.K., Niloofa R., Senthilkumar K., Verma M.R., Hota A., Chandrasekar S., 

Deneke Y., Kumar A., Nagarajan M., Das D., Khatua S., Sahu R., Ali S.A. Diagnosis of human leptospirosis: comparison of mi-

croscopic agglutination test with recombinant LigA/B antigen-based In-house IgM dot ELISA dipstick test and latex agglutina-

tion test using bayesian latent class model and MAT as gold standard. Diagnostics (Basel), 2022, vol. 12, no. 6: 1455. doi: 10.3390/

diagnostics12061455

8. Bharti A.R., Nally J.E., Ricaldi J.N., Matthias M.A., Diaz M.M., Lovett M.A., Levett P.N., Gilman R.H., Willig M.R., 

Gotuzzo E., Vinetz J.M.; Peru-United States Leptospirosis Consortium. Leptospirosis: a zoonotic disease of global importance. 

Lancet Infect. Dis., 2003, vol. 3, no. 12, pp. 757–771. doi: 10.1016/s1473-3099(03)00830-2

9. Boonsilp S., Thaipadungpanit J., Amornchai P., Wuthiekanun V., Bailey M.S., Holden M.T., Zhang C., Jiang X., Koizumi N., 

Taylor K., Galloway R., Hoffmaster A.R., Craig S., Smythe L.D., Hartskeerl R.A., Day N.P., Chantratita N., Feil E.J., 

Aanensen D.M., Spratt B.G., Peacock S.J. A single multilocus sequence typing (MLST) scheme for seven pathogenic Leptospira 

species. PLoS Negl. Trop. Dis., 2013, vol. 7, no. 1: e1954. doi: 10.1371/journal.pntd.0001954

10. Bourhy P., Collet L., Brisse S., Picardeau M. Leptospira mayottensis sp. nov., a pathogenic species of the genus Leptospira isolated 

from humans. Int. J. Syst. Evol. Microbiol., 2014, vol. 64, pt. 12, pp. 4061–4067. doi: 10.1099/ijs.0.066597-0

11. Brenner D.J., Kaufmann A.F., Sulzer K.R., Steigerwalt A.G., Rogers F.C., Weyant R.S. Further determination of DNA related-

ness between serogroups and serovars in the family Leptospiraceae with a proposal for Leptospira alexanderi sp. nov. and four new 

Leptospira genomospecies. Int. J. Syst. Bacteriol., 1999, vol. 49, pt. 2, pp. 839–858.doi: 10.1099/00207713-49-2-839

12. Cerqueira G.M., McBride A.J., Queiroz A., Pinto L.S., Silva E.F., Hartskeerl R.A., Reis M.G., Ko A.I., Dellagostin O.A. 

Monitoring Leptospira strain collections: the need for quality control. Am. J. Trop. Med. Hyg., 2010, vol. 82, no. 1, pp. 83–87. 

doi: 10.4269/ajtmh.2010.09-0558

13. Chappel R.J., Goris M., Palmer M.F., Hartskeerl R.A. Impact of proficiency testing on results of the microscopic agglutina-

tion test for diagnosis of leptospirosis. J. Clin. Microbiol., 2004, vol. 42, no. 12, pp. 5484–5488. doi: 10.1128/JCM.42.12.5484-

5488.2004



1047

2023, Т. 13, № 6 Leptospira spp. 16S rRNA analysis

14. Chen H.W., Lukas H., Becker K., Weissenberger G., Halsey E.S., Guevara C., Canal E., Hall E., Maves R.C., Tilley D.H., 

Kuo L., Kochel T.J., Ching W.M. An improved enzyme-linked immunoassay for the detection of Leptospira-specific antibodies. 

Am. J. Trop. Med. Hyg., 2018, vol. 99, no. 2, pp. 266–274. doi: 10.4269/ajtmh.17-0057

15. Clarridge J.E. 3rd. Impact of 16S rRNA gene sequence analysis for identification of bacteria on clinical microbiology and infec-

tious diseases. Clin. Microbiol. Rev., 2004, vol. 17, no. 4, pp. 840–862. doi: 10.1128/CMR.17.4.840-862.2004

16. Costa F. , Hagan J.E., Calcagno J., Kane M., Torgerson P., Martinez-Silveira M.S., Stein C., Abela-Ridder B., Ko A.I. Global 

morbidity and mortality of Leptospirosis: a systematic review. PLoS Negl. Trop. Dis., 2015, vol. 9, no. 9: e0003898. doi: 10.1371/

journal.pntd.0003898

17. Di Azevedo M.I.N., Lilenbaum W. An overview on the molecular diagnosis of animal leptospirosis. Lett. Appl. Microbiol., 2021, 

vol. 72, no. 5, pp. 496–508. doi: 10.1111/lam.13442

18. Faine S., Adler B., Bolin C., Perolat P. “Leptospira” and leptospirosis. Melbourne: MediSci, 1999. 295 p.

19. Fortes-Gabriel E., Guedes M.S., Shetty A., Gomes C.K., Carreira T., Vieira M.L., Esteves L., Mota-Vieira L., Gomes-Solecki M. 

Enzyme immunoassays (EIA) for serodiagnosis of human leptospirosis: specific IgG3/IgG1 isotyping may further inform diagno-

sis of acute disease. PLoS Negl. Trop. Dis., 2022, vol. 16, no. 2: e0010241. doi: 10.1371/journal.pntd.0010241

20. Fouts D.E., Matthias M.A., Adhikarla H., Adler B., Amorim-Santos L., Berg D.E., Bulach D., Buschiazzo A., Chang Y.F., 

Galloway R.L., Haake D.A., Haft D.H., Hartskeerl R., Ko A.I., Levett P.N., Matsunaga J., Mechaly A.E., Monk J.M., 

Nascimento A.L., Nelson K.E., Palsson B., Peacock S.J., Picardeau M., Ricaldi J.N., Thaipandungpanit J., Wunder E.A. Jr., 

Yang X.F., Zhang J.J., Vinetz J.M. What makes a bacterial species pathogenic? Comparative genomic analysis of the genus 

Leptospira. PLoS Negl. Trop. Dis., 2016, vol. 10, no. 2: e0004403. doi: 10.1371/journal.pntd.0004403

21. Ghazaei C. Pathogenic Leptospira: advances in understanding the molecular pathogenesis and virulence. Open Vet. J., 2018, 

vol. 8, no. 1, pp. 13–24. doi: 10.4314/ovj.v8i1.4

22. Guedes I.B., de Souza G.O., de Paula Castro J.F., Cavalini M.B., de Souza Filho A.F., Maia A.L.P., Dos Reis E.A., Cortez A., 

Heinemann M.B. Leptospira interrogans serogroup Pomona strains isolated from river buffaloes. Trop. Anim. Health Prod., 2021, 

vol. 53, no. 2: 194. doi: 10.1007/s11250-021-02623-4

23. Guernier V., Allan K.J., Goarant C. Advances and challenges in barcoding pathogenic and environmental Leptospira. Parasitology, 

2018, vol. 145, no. 5, pp. 595–607. doi: 10.1017/S0031182017001147

24. Haake D.A., Suchard M.A., Kelley M.M., Dundoo M., Alt D.P., Zuerner R.L. Molecular evolution and mosaicism of leptospi-

ral outer membrane proteins involves horizontal DNA transfer. J. Bacteriol., 2004, vol. 186, no. 9, pp. 2818–2828. doi: 10.1128/

JB.186.9.2818-2828.2004

25. Hookey J.V., Bryden J., Gatehouse L. The use of 16S rDNA sequence analysis to investigate the phylogeny of Leptospiraceae and 

related spirochaetes. J. Gen. Microbiol., 1993, vo. 139, no. 11, pp. 2585–2590. doi: 10.1099/00221287-139-11-2585

26. Jayasundara D., Senavirathna I., Warnasekara J., Gamage C., Siribaddana S., Kularatne S.A.M., Matthias M., Mariet J.F., 

Picardeau M., Agampodi S., M Vinetz J. 12 novel clonal groups of Leptospira infecting humans in multiple contrasting epidemio-

logical contexts in Sri Lanka. PLoS Negl. Trop. Dis., 2021, vol. 15, no. 3: e0009272. doi: 10.1371/journal.pntd.0009272

27. Khodaverdi Darian E., Forghanifard M.M., Moradi Bidhendi S., Chang Y.F., Yahaghi E., Esmaelizad M., Khaleghizadeh M., 

Khaki P. Cloning and sequence analysis of LipL32, a surface-exposed lipoprotein of pathogenic Leptospira spp. Iran. Red Crescent 

Med. J., 2013, vol. 15, no. 11: e8793.

28. Kmety E., Dikken H. Classification of the species Leptospira interrogans and history of its serovars. Groningen: University Press 

Groningen, 1993. 104 p.

29. Ko A.I., Goarant C., Picardeau M. Leptospira: the dawn of the molecular genetics era for an emerging zoonotic pathogen. Nat. 

Rev. Microbiol., 2009, vol. 7, no. 10, pp. 736–747. doi: 10.1038/nrmicro2208

30. Lam J.Y., Low G.K., Chee H.Y. Diagnostic accuracy of genetic markers and nucleic acid techniques for the detection of Leptospira 

in clinical samples: a meta-analysis. PLoS Negl. Trop. Dis., 2020, vol. 14, no 2: e0008074. doi: 10.1371/journal.pntd.0008074

31. Landolt N.Y., Chiani Y.T., Pujato N., Jacob P., Schmeling M.F., García Effron G., Vanasco N.B. Utility evaluation of two molecular 

methods for Leptospira spp. typing in human serum samples. Heliyon, 2022, vol. 9, no. 2: e12564. doi: 10.1016/j.heliyon.2022.e12564

32. Levett P.N. Leptospirosis. Clin. Microbiol. Rev., 2001, vol. 14, no. 2, pp. 296–326. doi: 10.1128/CMR.14.2.296-326.2001

33. Masuzawa T., Sakakibara K., Saito M., Hidaka Y., Villanueva S.Y.A.M., Yanagihara Y., Yoshida S.I. Characterization 

of Leptospira species isolated from soil collected in Japan. Microbiol. Immunol., 2018, vol. 62, no. 1, pp. 55–59. doi: 10.1111/1348-

0421.12551

34. Morey R.E., Galloway R.L., Bragg S.L., Steigerwalt A.G., Mayer L.W., Levett P.N. Species-specific identification of Leptos-

piraceae by 16S rRNA gene sequencing. J. Clin. Microbiol., 2006, vol. 44, no. 10, pp. 3510–3516. doi: 10.1128/JCM.00670-06

35. Philip N., Bahtiar Affendy N., Ramli S.N.A., Arif M., Raja P., Nagandran E., Renganathan P., Taib N.M., Masri S.N., 

Yuhana M.Y., Than L.T.L., Seganathirajah M., Goarant C., Goris M.G.A., Sekawi Z., Neela V.K. Leptospira interrogans and 

Leptospira kirschneri are the dominant Leptospira species causing human leptospirosis in Central Malaysia. PLoS Negl. Trop. 

Dis., 2020, vol. 14, no. 3: e0008197. doi: 10.1371/journal.pntd.0008197

36. Picardeau M. Virulence of the zoonotic agent of leptospirosis: still terra incognita? Nat. Rev. Microbiol., 2017, vol. 15, no. 5, 

pp. 297–307. doi: 10.1038/nrmicro.2017.5

37. Picardeau M. Leptospira and Leptospirosis. Methods Mol. Biol., 2020, vol. 2134, pp. 271–275. doi: 10.1007/978-1-0716-0459-5_24

38. Postic D., Riquelme-Sertour N., Merien F., Perolat P., Baranton G. Interest of partial 16S rDNA gene sequences to resolve hetero-

geneities between Leptospira collections: application to L. meyeri. Res. Microbiol., 2000, vol. 151, no. 5, pp. 333–341. doi: 10.1016/

s0923-2508(00)00156-x

39. Rajapakse S. Leptospirosis: clinical aspects. Clin. Med. (Lond), 2022, vol. 22, no. 1, pp. 14–17. doi: 10.7861/clinmed.2021-0784

40. Slack A.T., Symonds M.L., Dohnt M.F., Smythe L.D. Identification of pathogenic Leptospira species by conventional or real-time 

PCR and sequencing of the DNA gyrase subunit B encoding gene. BMC Microbiol., 2006, vol. 6: 95. doi: 10.1186/1471-2180-6-95

41. Stimson A.M. Note on an organism found in yellow-fever tissue. Public Health Reports, 1907, vol. 22, no. 18, p. 541. 

doi: 10.2307/4559008



1048

Инфекция и иммунитетR.R. Baimova et al.

42. Strutzberg-Minder K., Ullerich A., Dohmann K., Boehmer J., Goris M. Comparison of two Leptospira type strains of serovar 

Grippotyphosa in Microscopic Agglutination Test (MAT) diagnostics for the detection of infections with Leptospires in horses, 

dogs and pigs. Vet. Sci., 2022, vol. 9, no. 9: 464. doi: 10.3390/vetsci9090464

43. Sugunan A.P., Vijayachari P., Sharma S., Roy S., Manickam P., Natarajaseenivasan K., Gupte M.D., Sehgal S.C. Risk factors 

associated with leptospirosis during an outbreak in Middle Andaman, India. Indian J. Med. Res., 2009, vol. 130, vol. 1, pp. 67–73.

44. Sykes J.E., Gamage C.D., Haake D.A., Nally J.E. Understanding leptospirosis: application of state-of-the-art molecular typing 

tools with a One Health lens. Am. J. Vet. Res., 2022, vol. 83, no. 10: ajvr.22.06.0104. doi: 10.2460/ajvr.22.06.0104

45. Torgerson P.R., Hagan J.E., Costa F., Calcagno J., Kane M., Martinez-Silveira M.S., Goris M.G., Stein C., Ko A.I., Abela-

Ridder B. Global burden of Leptospirosis: estimated in terms of disability adjusted life years. PLoS Negl. Trop. Dis., 2015, vol. 9, 

no. 10: e0004122. doi: 10.1371/journal.pntd.0004122

46. Zhang C., Yang H., Li X., Cao Z., Zhou H., Zeng L., Xu J., Xu Y., Chang Y.F., Guo X., Zhu Y., Jiang X. Molecular typing 

of pathogenic Leptospira serogroup Icterohaemorrhagiae strains circulating in China during the past 50 years. PLoS Negl. Trop. 

Dis., 2015, vol. 9, no. 5: e0003762. doi: 10.1371/journal.pntd.0003762

Авторы:

Баимова Р.Р., младший научный сотрудник лаборатории 
зооантропонозных инфекций ФБУН НИИ эпидемиологии 
и микробиологии имени Пастера, Санкт-Петербург, Россия;
Останкова Ю.В., к.б.н., зав. лабораторией иммунологии 
и вирусологии ВИЧ-инфекции; старший научный сотрудник 
лаборатории молекулярной иммунологии ФБУН НИИ 
эпидемиологии и микробиологии имени Пастера, 
Санкт-Петербург, Россия;
Блинова О.В., к.х.н., младший научный сотрудник лаборатории 
зооантропонозных инфекций ФБУН НИИ эпидемиологии 
и микробиологии имени Пастера, Санкт-Петербург, Россия;
Стоянова Н.А., к.м.н., ведущий научный сотрудник 
лаборатории зооантропонозных инфекций ФБУН НИИ 
эпидемиологии и микробиологии имени Пастера, Санкт-
Петербург, Россия;
Токаревич Н.К., д.м.н., профессор, зав. лабораторией
зооантропонозных инфекций ФБУН НИИ эпидемиологии
и микробиологии имени Пастера, Санкт-Петербург, Россия.

Authors:

Baimova R.R., Junior Researcher, Laboratory of Zoonoses, 
St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation;
Ostankova Yu.V., PhD (Biology), Head of the Laboratory of HIV 
Immunology and Virology; Senior Researcher, Laboratory 
of Molecular Immunology, St. Petersburg Pasteur Institute, 
St. Petersburg, Russian Federation;
Blinova O.V., PhD (Chemistry), Junior Researcher, Laboratory 
of Zoonoses, St. Petersburg Pasteur Institute, St. Petersburg, 
Russian Federation;
Stoyanova N.A., PhD (Medicine), Leading Researcher, Laboratory 
of Zoonoses, St. Petersburg Pasteur Institute, St. Petersburg, 
Russian Federation;
Tokarevich N.K., DSc (Medicine), Professor, Head 
of the Laboratory of Zoonoses, St. Petersburg Pasteur Institute, 
St. Petersburg, Russian Federation.

Поступила в редакцию 10.10.2023
Принята к печати 02.12.2023

Received 10.10.2023
Accepted 02.12.2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


